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CHAPTER I
INTRODUCTION 
Natural History
The pika, Ochotona princeps (Richardson) is a member 
of the family Ochotonidae of the mammalian order Lagomorpha. 
The pika family is Holarctic, occurring on the continents of 
North America, Asia, and Europe. One recent genus, Ochotona, 
is presently recognized (Hall and Kelson 1959).
The history of the family is somewhat confused due to 
the lack of early fossil data. According to Simpson (1945) 
the Ochotonidae are the most primitive lagomorph family, 
although the earliest fossils of the Leporidae are known 
from the Eocene of North America while the earliest of the 
Ochotonidae are from the upper Oligocene of Europe. The 
presence of the more primitive cloacal condition in the 
Ochotonidae, however, is cited as the reason to believe that 
they are ancestral to the Leporidae. Allen (1938) believes 
that both families originated in eastern Asia.
Two subgenera of Ochotona are recognized by Ellerman 
and Morrison-Scott (1951)’— Pika and Ochotona. The former 
has a somewhat flattened skull, and in view of this primi­
tive characteristic, is considered ancestral to the latter. 
The subgenus Ochotona appears to have spread westward from
1
2
eastern Asia occupying much of Eurasia while the parent 
group retained its own distribution (Severaid 1955). The 
subgenus Pika is presently found in easternmost Asia and in 
North America, apparently having crossed the Bering land 
bridge from Asia some time before the mid-Pliocene (Allen 
1930, Davis 1939).
During the ice ages of the Pleistocenef pikas 
undoubtedly had refuge south of the Continental ice sheet.
In the Rocky Mountains proper, ice and snowcover at higher 
altitudes probably forced them to lower elevations. With 
the gradual warming of the climate in the Hypsithermal 
period of the Pleistocene, pikas once again colonized the 
mountains of southern British Columbia and Alberta, and 
regained the glaciated areas near mountain tops in the 
Rockies. With increased temperatures also came the raising 
of tree lines and the succession of vegetational stages 
which have reduced much of the talus areas at lower eleva­
tions (Hoffmann and Taber 1967). Thus, greater isolation of 
habitat suitable for the pika,has occurred, and one might 
expect this to be reflected in the more recent evolutionary 
history of the species.
Ecology and Behavior
The pika characteristically inhabits talus slides or 
rock outcroppings, and exceptions to this are few, Anthony 
(1923) reported one pair of pikas residing from fall until
3
May underneath a slab pile approximately 2 miles from the 
nearest colony, Broadbooks (19651 gives examples of pikas 
found in a woodpile and in drainpipes of a cottage,
Severaid (19 55) studied a population inhabiting mine 
diggings which are, of course, similar to talus slides. It 
appears, then, that pikas require sheltered conditions such 
as talus provides.
Certain talus conditions are more suitable for pika 
populations than others. Roper (1956) discussed possible 
requirements of suitable talus, including size of rocks, 
gentleness of the slope, and direction of slope face to wind. 
He believes that rocks of a certain size (10 to 12 inches) 
are most suitable, allowing the pika a maze of escape routes, 
nesting sites, and places to store vegetation, while smaller 
or larger rocks are not as habitable. Certain types of talus 
slopes are not inhabited because of occasional rock movement, 
and gentler slopes are preferred over steep ones unless there 
is stability in the latter. Direction of the slope face and 
of the prevailing winds are factors which determine whether 
a slide will be snow-free, and thus open to pika activity 
for a longer period of the year. A second disadvantage of 
slopes sheltered from the wind is that they may be more 
subject to predation by hawks and eagles.
Broadbooks (1956) and Bunnell (197 0) believe that pikas 
prefer to live near the borders of talus slides. Broadbooks
4
described the pika as a perfect example of an ecotone 
species, with home and food supply in different habitats.
All of the dens and haypiles he found were within 40 feet 
of the edge of a slide. Bunnell concluded from his 
analysis that the length of the perimeter of a slide influ­
enced the size of a pika population more than the area of 
the slide because of the probable relationship between the 
length of the perimeter and amount of food available to the 
population.
Territorial behavior is apparently a factor affecting 
the size of pika populations. Territorial spacing was noted 
by Grinell and Storer (1924), Davis (1939), Cahalane' (1947), 
and Kilham (19 58). Harvey and Rosenburg (1960) described 
the histology and possible function of the cheek glands of 
the pika in marking territory. Broadbooks (1965) described 
territorial spacing in pikas in numerous localities 
including O. collaris from Alaska. He also observed that 
"A pika will defend his territory mainly by calling 
frequently and chasing away intruders." He concluded that, 
since pikas seemed to have elongated home ranges bordering 
on feeding areas, the shape of the slide could affect the 
size of the population. Krear (19 6 5), in a behavioral study 
of pikas, stated "Pikas will resist crowding with vigorous 
hostility, with the result being consistent spacing of 
territories along the margins of meadows," He added that
5
territoriality appeared a primary factor in limiting pika 
population sizes. Similar territorial behavior has also 
been described in 0. hyperborea of Japan, as well as 
0. macrotis and 0. roylei of the Himalayas, by Kawamichi 
(1969, 1970, 1971a, and 1971b).
Additional observation by Kawamichi (19 70) demonstrated 
that often mated pairs of pika will share and defend a 
territory, indicating that a pair bond exists between sexes. 
Pair bonds were previously noted by Krear (1965) but he also 
observed that there was a good deal of extra-territorial 
movement during the mating season. Tapper (personal communi­
cation) found that pair bonds are also formed by pikas in 
Alberta. He reported, however, that although they generally 
live in pairs with defended territories, Outside of the 
breeding season the male and female avoid each other within 
the shared territory.
Reproduction in the pika normally occurs from late 
April or May through July (Johnson 1967). Due to a post­
partum estrus, two litters, each consisting of two to four 
young, are possible during one season (Severaid 1950,
Millar 1971). In late June or July males go out of breeding 
condition and reproduction ceases. Millar found that 
virtually all over-wintered females participate in breeding 
and an average of approximately 1.5 weaned young are pro­
duced by each female in the first litter. Tapper (personal 
communication) believes that males may occasionally breed
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with more than one female in a season, depending upon the 
dominance of the male and the extent of his territory.
Soon after weaning, juveniles begin to demonstrate 
territoriality (Krear 1965). This is probably necessary 
because their over-winter survival may depend upon access to 
an adequate food supply. Because of their size, inexperi­
ence, and subordinate position, the majority of juveniles 
are driven away from suitable territories and into marginal 
areas, or off of the slide completely (Tapper personal 
communication). Thus, the younger animals are usually the 
ones to leave a slide when the population contains an exces­
sive number of individuals.
The success of immigrants in establishing a territory 
is generally believed to be low (Smith, Tapper, personal 
communication). Smith reports that California pikas had 
difficulty colonizing an apparently suitable slide from a 
populated one separated by 300 yards of non-talus forest. 
Tapper reported that in three seasons, no examples of 
successful immigration into a large population of 20 to 30 
pikas were observed, even though several pikas had appeared 
on his study slide temporarily. It appears, then, that most 
successful pikas establish themselves on the slides on which 
they were reared. Seldom does an animal successfully estab­
lish a territory on a well-populated neighboring slide. 
However, Smith believes that extinction of small pika
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populations often occurs, and is followed by recolonization 
in many cases. Tapper [19731 found that recolonization 
occurred following removal of all of the pikas inhabiting 
two slides. Generally the colonizers were young animals 
which had apparently emigrated from neighboring slides at a 
distance of up to 2 miles. Thus some successful migration 
can occur, especially when a decline in population size 
produces vacant territories on suitable talus slides.
In summary, the literature demonstrates that the pika 
appears to be a highly territorial mammal, generally 
restricted to locations near the margins of certain talus 
slides. That the species is generally unsuccessful in 
living elsewhere implies that those pikas which leave a 
certain slide must either establish themselves in another 
talus slide with vacancies or perish, and it appears that 
the latter is the more likely event. Due to territoriality 
and habitat preferences, population size in the pika is 
usually small and populations are relatively isolated from 
each other.
Taxonomy
Its widespread distribution and the discontinuity of 
its populations appears to have prompted the designation of 
many subspecies of Ochotona princeps. Three major taxonomic 
revisions of this species have been published [Howell 1924,
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Hall 1951, and Cowan 19551. A total of 37 subspecies are 
now recognized, all but one of which were recognized by Hall. 
According to that author, western Montana probably has four 
subspecies, three of which have actual specimen records.
These are 0. princeps princeps, 0. princeps lemhi, 0. princeps 
ventorum, and 0. princeps cuppes, with the last possibly 
occurring in the northwestern corner of the state. Their 
ranges of distribution are illustrated in Figure 1,
The criteria used in taxonomic studies of the pika 
have been skull measurements and coat colors. Specimens 
from different geographical areas have been grouped or 
separated into subspecies largely on the basis of data from 
a small number of specimens. The published cranial measure­
ments upon which such decisions have been made indicate that 
with few exceptions there is extensive overlap among the 
supposed subspecies. With respect to coat color, two or 
more molts may occur each year, and thus coat color varia­
tion is a somewhat unreliable characteristic upon which to 
base taxonomic conclusions, particularly when it is remem­
bered that pelages are frequently found in a transitional 
stage. Furthermore, statistical tests have not been 
employed by the aforementioned authors.
Thus it appears that the relationships between pika 
populations, and especially those of western Montana, have 
not been thoroughly studied. Within Montana and elsewhere, 
relatively few locations have been sampled for pika, and
9
Figure 1. Locations of pika populations sampled and the 
ranges of the subspecies involved. (Map from 
Hall and Kelson, 1959). For details of the 
locations sampled, see Table 1.
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sample sizes have almost invariably been small. The current 
taxonomy of the pika would probably be changed markedly as a
result of a more extensive study.
Variation in the Pika
Roper (1956) compared the skull measurements of two 
subspecies of pika, 0. p. saxatilis and 0. jd. incana, in 
order to judge the affinities of isolated populations in areas 
of the Spanish Peaks of Colorado between the recognized ranges 
of the two subspecies. He found only three measurements out
of 39, and the same number of ratios, in which there were
significant differences between populations in the Spanish 
Peaks and those within the ranges of either of the two 
subspecies. In addition, certain ratios, involving palatal, 
occiptal-basal and basal lengths, and the width of the skull, 
showed significant differences between populations without 
respect to subspecies. He concluded that the anatomical 
differences between populations increased as the distance 
separating them increased, implying that gene flow between 
the populations had been sufficiently limited to permit their 
differentiation.
The existence of isolated populations in the pika of 
the Rocky Mountains appears to have resulted from the 
contraction of the relatively continuous range that pre­
viously existed into the present discontinuous range.
According to many authors, including Mavr (1963, 1970), such
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a population structure would fayor genetic differentiation, 
especially if population sizes were small and a variety of 
environmental conditions existed over the species range.
In general, geographic isolation and the adaptation 
of gene pools to the differing environmental conditions 
found within the range of a species are recognized today as 
the main factors involved in evolutionary change. Geogra­
phic variation has been recorded for centuries for most 
species of plants and animals, and thus was described even 
before the general principles of genetics and evolution were 
understood. Classically, the study of variation in mammal­
ian species has involved the comparison of features such as 
coat color, tooth pattern, skull anatomy, and other physical 
characteristics. Even though these are products of evolu­
tionary change, similarities and dissimilarities between 
populations are often difficult to interpret because these 
features are controlled by many genetic loci and are subject 
to considerable environmental modification, so that a 
considerable amount of individual variation can occur within 
populations.
Techniques have recently been developed which have 
greatly increased the abilities of biologists to study affini­
ties of groups of organisms and the evolutionary processes 
which have taken place within them. Among these are the com­
parison of chromosomal material by means of karyotypes and 
the comparison of proteins by means of electrophoresis.
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Chromosomal morphology has been used in comparisons 
of populations of Drosophila by Dobzhansky (1946, 1948), and 
Carson (1970), and of mammalian populations by Nadler (1966, 
1969), Hsu and Arrighi (1968), Patton and Dingman (1967,
1968, 1070) .
Electrophoresis, and specifically starch gel electro­
phoresis, has been used in mammalian studies by Petras 
(1967), Nadler (1968), Rasmussen (1970), Selander (1970a), 
Canham and Cameron (1972), and many others. The advantage 
of electrophoretic techniques over the other methods of 
analysis in taxonomic studies is that it markedly increases
the number of phenotypic characteristics by which the rela- 
♦
tionships between populations can be assessed. In addition, 
electrophoresis can be used to study intra-population varia­
tion and the factors which affect it— an important and basic 
area in the understanding of the mechanisms involved in 
evolution.
The theoretical basis of the study of evolutionary 
change in populations is the Hardy-Weinberg Law (Hardy 1908, 
Stern 1943) . It states that in the absence of selection, the 
frequencies of the alleles and genotypes in a large, 
randomly-mating population will not change from one genera­
tion to the next once the population has reached equilibrium.
At this time, the genotypic frequencies at a locus with two 
2 2alleles are p , 2pq, and q , where p and q are the allelic 
frequencies. The conditions upon which this model depends
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are seldom, if ever, found in natural populations. However, 
data obtained from natural populations can be compared to 
the theoretical expectations provided by the model in order 
to determine which of the factors that can cause the Hardy- 
Weinberg Law to be inoperative are most important to the 
course of evolution in the populations concerned. In small 
and isolated populations such as exist in the pika, one 
might expect, on an a priori basis, that certain of these 
factors would be more important than others. In particular, 
random genetic drift as a result of population subdivision 
would be a very likely occurrence.
The effect of random genetic drift is to cause two 
populations (i.e., two randomly-mating groups of individuals, 
or demes) to diverge with respect to allelic frequencies 
through chance changes from one generation to the next.
These changes result from the inevitable sampling errors 
which occur among the individuals which engage in repro­
duction and among the gametes involved in fertilization when 
population size is finite. The smaller the population, the 
larger the sampling error is likely to be, and the larger 
the number of generations in which drift takes place, the 
greater the possibility that the random changes in allelic 
frequencies will result in the loss or fixation of alleles. 
The effects of drift in pika populations should therefore be 
the production of populations widely divergent with respect
15
to the frequencies of particular alleles, and of populations 
containing different alleles at particular loci.
A second type of genetic drift occurs when a popula­
tion is begun by a small number of organisms that possess a 
nonrandom sample of the alleles present in the population 
from which they came. The founders then give rise to a 
population with a different genetic make-up, and generally 
with less variability, than the ancestral one. This "founder 
effect" can occur whenever a population becomes extinct and 
is replaced by emigrants from elsewhere, whenever geological 
changes create a newly habitable area sufficiently close to 
an existing population. In the pika, a talus slide might be 
rapidly recolonized, following an extinction, by a small 
number of emigrants from a nearby slide, and the colonization 
of newly created habitat such as mine diggings, excavation 
work along a railroad or highway, or a recent landslide might 
also occur.
Even a large colony can be subject to genetic drift 
if it is subdivided into a number of demes. If it were 
possible to delimit the demes and compare the allelic 
frequencies within them, marked differences might be evident. 
When this is not possible, and the colony is considered a 
single population despite the subdivision within it, the 
calculation of the genotypic frequencies expected on the 
basis of the Hardy-Weinberg Law from the overall allelic
16
frequencies indicates an apparent deficiency of heterozy­
gotes. This is called the "Wahlund effect " r (Li 1955).
A hctcrozygouG deficiency has previously been taken 
to indicate the presence of a demic structure in mammalian 
populations. Rasmussen (1964, 1970) concluded that a demic 
structure existed in populations of Peromyscus maniculatus 
on the basis of heterozygote deficiencies at a number of 
genetic loci. Similarly, Petras (1967) showed that feral 
Mus musculus populations on farms were subdivided, with the 
inhabitants of individual farm buildings collectively 
forming breeding units. Selander (1970b)found indications 
of a finer population subdivision within single buildings in 
his studies of Mus musculus in Texas. Anderson (1970) 
reviewed the data from many studies and speculated that a 
demic structure with little inter-demic gene exchange may be 
the general rule in small rodents.
The effects of genetic drift can be reduced by two 
other processes which tend to nullify the Hardy-Weinberg 
Law: migration and natural selection. Migration and
subsequent gene flow tends to cause populations to become 
more similar with respect to the alleles they contain and 
the frequencies of those alleles. The greater the amount 
of migration between two populations, the more similar they 
will become with respect to allelic frequencies. Thus, in 
a large subdivided population, migration between demes tends 
to prevent differentiation due to genetic drift, and the
17
effect of migration between talus slides, or between demes 
upon a single slide, would be a reduction in the variance 
of allelic frequencies.
In the pika the evidence thus far found on migration 
appears to show that pikas have little success in estab­
lishing themselves on slides other than the slides on which 
they were reared (Smith, Tapper, personal communication). • 
Pikas have been recorded miles away from rock slides, but it 
can be assumed that these pikas represent transient and 
probably doomed animals, which were unsuccessful in estab­
lishing territories on their own rock slides. The patterns 
of variation might be expected to show few relationships 
between separated slides since little migration would be 
expected to take place.
The type of natural selection which may oppose the 
effects of genetic drift is called balancing selection. Its 
effect is to maintain alleles in a population through the 
favoring of particular genotypes. The maintenance of poly­
morphism is beneficial to a population in that it allows it 
to adapt to changes in the environmental conditions. Several 
forms of balancing selection have been reported in the 
literature, but perhaps the most widely acknowledged is 
overdominance. In this form of selection, heterozygous 
individuals are favored over those which are homozygous at 
the same locus. In this way each of the alleles at the locus 
concerned is maintained at or near an equilibrium frequency,
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thus preventing their loss or fixation. Overdominance may 
be revealed by an excess of heterozygotes in the population 
when the observed frequency is compared with that expected 
on the basis of the Hardy-Weinberg Law. A higher mortality 
rate among homozygous individuals might result in such an 
excess. This is not always the effect of overdominance, 
however. Frelinger (197 2) found that heterosis could cause 
the maintenance of a transferrin polymorphism in populations 
of the pigeon (Columba livia) without resulting in an excess 
of heterozygotes because the result of the selection was a 
greater fecundity of heterozygous females, rather than a 
differential mortality.
Another form of balancing selection is frequency- 
dependent selection. As an allele becomes rarer in a popu­
lation through chance events its selective advantage may 
increase such that its loss is prevented, it increases in 
frequency as a result. Kojima and Yarbrough (1967) found 
that frequency-dependent selection operated at the esterase 
6 locus in experimental populations of Drosophila melangaster.
Directional selection can also prevent the effects of 
genetic drift in a population, although it does not cause the 
maintenance of more than one allele at a genetic locus. It 
occurs when the possessors of a particular allele have a 
selective advantage, and results in an increase in the 
allelic frequency in successive generations. Wallace (1958)
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showed that, in such a situation, whenever selection for 
heterozygotes is intermediate to that of both homozygotes,
i
the frequency of heterozygotes will exceed that expected on 
the basis of the Hardy-Weinberg Law. Thus, directional 
selection as well as overdominance can produce an excess of 
heterozygotes. The two types of selection cannot be 
distinguished unless successive samples are taken from a 
population.
These and other genetic processes are all possible 
in populations of Ochotona princeps. To attribute deviations 
from frequencies expected on the basis of the Hardy-Weinberg 
Law to any one of the above processes is, in all respects, 
too simplistic. It is probable that many of them occur 
simultaneously and to varying extents. Still, in observing 
the biochemical variation present in natural populations of 
the pika, it may be possible to determine the relative 
importance of these processes in shaping evolutionary history 
of the species.
CHAPTER II
MATERIALS AND METHODS 
Sampling of Pika Populations
The pika populations sampled were located in southern 
British Columbia, western Montana, and central Colorado,
The locations of the populations sampled are described in 
Table 1 and shown in Figure 1. Samples of serum from 121 
pikas taken from populations in central Colorado in 1969 by- 
Greg Bromley (presently at the University of British Columbia) 
were also made available for this study, . The locations of 
the populations sampled in Colorado are shown in greater 
detail in Figure 2.
Specific sites for sampling were chosen on the basis 
of reports of persons familiar with the general area, and on 
the basis of the proximity of the sites to roads. Vehicle 
access was necessary because the separation of blood serum 
and cells involved the use of an automobile battery.
Pikas were collected by shooting with a .410 shotgun 
loaded with #7 1/2 shot in a three-inch cartridge. The 
escape of wounded animals was minimal, and effective distant 
shots could be made with this combination. At close range 
shots were generally aimed slightly above the animal to 
avoid damaging it excessively.
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Table 1. Locations of pika populations sampled.
Map
Ref. Location Mountain Range
A Highway 99, 8.2 miles south of Pemberton, British Coastal
B
Columbia
Highway 3, 3.4 miles south of Roper B.C. Cascade
C Otter Creek, 10.7 miles north of Tulameen, B.C. Cascade
D Paulson Bridge, 30.5 miles northwest of Christina
E
Rossland, B.C.
Highway 3/ 16 miles west of Creston, B.C. Selkirk
F Link Mountain, 26 miles north-northwest of Whitefish
G
Whitefish, Montana
Werner Peak, 12 miles north of Whitefish, MT Whitefish
H Lower Oregon Lake, 9 miles southwest of Bitterroot
I
Superior, MT
Cedar Creek, 5 miles southwest of Superior, MT Bitterroot
J Schley Mountain, 34 miles west of Missoula, MT Bitterroot
K North of road to Edith Peak, 22 miles northwest Squaw Peak
L
of Missoula, MT
Point Six Mountain, 11 miles north of Missoula, MT Rattlesnake
M Grizzly Creek, 25 miles southeast of Missoula, MT Sapphire
N Our- Lake, 28 miles west of Choteau, MT Lewis and Clark
- 0 South fork of Teton River, 25 miles west of Lewis and Clark
-P
Choteau, MT
Chamberlain Creek, 5 miles east of Neihart, MT Little Belt
Q Hyalite Reservoir, 15 miles south of Bozeman, MT Gallatin
R Near Gothic, Colorado, Gunnison National Forest Elk
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Figure 2 Locations of collection sites near Gothic, 
Colorado. Numbered dots represent the talus 
slides sampled.
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Data were taken in the field on sex, weight, total 
body length, and the reproductive condition of each pika. 
From this information and pelage appearance, juvenile and 
adult animals were distinguished. Material collected from 
each pika, whenever possible, included the skin, skull, 
liver, kidney, and testes. In addition, a sample of bone 
marrow was taken from the femurs or tibias of up to five of 
the animals taken at a location, and a blood sample was 
collected from the heart and thoracic cavity of each animal.
Collection and Treatment of Blood
Blood was taken from each animal as soon as possible 
after its death. The thoracic cavity was exposed by making 
a scissor cut through the ribs on each side and pushing the 
flap of the sternum forward. Blood was usually found in the 
heart and its large adjacent vessels, or surrounding the 
lungs if the shot had entered the thoracic cavity. It was 
collected by means of a disposable Pasteur pipette. Up to 
3 ml was obtained in this manner.
The serum (or plasma) was separated from the blood 
cells by centrifugation for about two minutes in a portable 
electric centrifuge powered by a twelve-volt automobile 
battery. When collecting pika at sites ‘a considerable dis­
tance from the car, the blood was cooled in transit by snow 
or cold water to reduce hemolysis prior to centrifugation. 
The centrifuge consisted of a six-volt motor fitted with aI
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Fisher centrifuge head. After centrifugation, the serum was 
drawn off with a Pasteur pipette, placed in a labeled 0.5 ml 
Beckman microfuge tube (Beckman, Pequannock, NJ), and frozen 
in a container of dry ice. The cells were washed and centri­
fuged three times with Bacto hemagluttination buffer (Difco 
Laboratories, Detroit, MI) before being frozen. The cells 
and serum were later transported to the laboratory and 
stored in a freezer at approximately -50° C,
Collection and Treatment of Bone Marrow
As soon as possible after the death of the pika, the 
heads of the femurs or tibias were exposed and cut off 
using a clean pair of scissors. The marrow was then removed 
and injected into culture medium by means of a pre-sterilized 
disposable 5 ml syringe and a 20-gauge needle. Vials of the 
culture medium were kept frozen until a few hours before use 
when they were transferred to a warm pocket to thaw.
The culture medium consisted of Medium 19 9 with 
Hank's balanced salt solution (Microbiological Associates, 
Albany, CA) to which a number of ingredients were added:
10 percent by volume fetal bovine serum, 100 mg/ml gluta­
mine, 50 units/ml heparin, 100^g/ml streptomycin sulfate,
100 units/ml penicillin, 50 units/ml Mycostatin (Grand 
Island Biological Co., Grand Island, NY), 350 mg/ml sodium 
bicarbonate, and 2.5 a g/ml Colcemid (Ciba, Summit, NJ). .
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After the marrow cultures were initiated, the vials, 
wrapped in a nylon stocking, were kept warm (slightly below 
37°C.) by being placed next to the skin, The cultures were 
incubated for approximately six hours before being harvested. 
This period was adequate to obLain a number of cells in the 
metaphase stage of mitosis. After six hours, success gener­
ally declined due to contaminants introduced with the bone 
marrow. The technique used for the harvest of cells and 
preparation of chromosome spreads is shown in Table 2. This 
method was a modification of that used by Hsu and Patton 
(1969) . The major differences concerned the use of in vitro 
rather than in vivo cultures and the addition of Colcemid to 
the culture medium rather than its injection into the live 
animal.
Preparation of Karyotypes
The microscope slides were scanned under a binocular 
microscope for single-cell chromosome spreads. The locations 
of cells most suitable for the preparation of karyotypes were 
recorded by means of the microscope stage coordinates so that 
they could later be found for photography. Cells were photo­
graphed on 35 mm Kodak Panatomic-X film at 1000X magnifica­
tion by means of a camera mounted on a Zeiss Standard GFL 
research microscope equipped with a Zeiss Plano oil immersion 
lens. Karyotypes were made from 4" x 6" enlargements from 
the negatives.
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Table 2. Preparation of acetic-orcein bone marrow squashes.
1. Bone marrow cells were suspended in culture media and 
decanted into centrifuge tubes, and then centrifuged for 
5 min. at approximately 900 rpm.
2. All but approximately 1/2 ml culture media was removed 
with a Pasteur pipette. The cells were resuspended in 
the liquid.
3. Approximately 3 ml of 0.3% sodium citrate solution was 
poured onto the suspended cells and left for 10 min.
4. The solution was centrifuged at 500^600 rpm for 5 min.
5. All but 1/2 ml of solution was carefully removed with a 
pipette, leaving the cells undisturbed on the sides and 
bottom of the tube.
6. The cells were fixed by slowly adding 2 ml of glacial 
acetic acid and absolute methanol in a ratio of 1:3 by 
volume down the side of the tube.
7. The solution was cerrtrifuged for 5 min. at 500-600 rpm 
and pipetted off as before.
8. Fixation, centrifugation, and pipetting was repeated 
twice more, leaving only 1/4 inch liquid or less after 
the last removal of solution.
9. Two to three drops of a freshly made solution of acetic 
acid-orcein stain were added and mixed gently.
10. One drop of the stained cell suspension was placed on a 
freshly cleaned slide with a Pasteur pipette and a cover 
slip was placed over the drop. The slide was heated 
slightly over a flame, and then covered with a sheet of 
filter paper.
11. A thumb was rolled slowly and gently over the cover slip, 
compressing the stained cells. Excess stain was absorbed 
in the filter paper.
12. The filter paper was removed when no more liquid could 
be pressed from beneath the cover slip. The edges of 
the cover slip were then sealed with Kronig cement.
13. The production of slides was repeated until the stained 
cell suspension was exhausted, (6-̂ 12 slides).
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Starch Gel Electrophoresis of Blood Serum
The laboratory techniques for electrophoresis were 
similar to those outlined by Smithies (1959a). Hydro­
lyzed starch (Electrostarch Co., Madison, WI) and an 
appropriate buffer solution (42 g starch and 410 ml buffer) 
in a 2 litre conical flask was mixed thoroughly while being 
heated. When the starch became clear and viscous and 
bubbling began, the flask was removed from the heat and the 
starch was degassed for one minute by the application of a 
vacuum. The starch was then poured into a Hiller plexiglass 
starch gel chamber (Otto Hiller, Madison, WI). A lid fitted 
with two rows of 16 slot formers, each 3 mm wide and 1 mm 
thick was placed on top of the gel, with care to avoid 
trapping air bubbles beneath it. Weights were placed on the 
lid, and the gel was allowed to set for at least one hour. 
The lid was then removed, whereupon the gel was ready for 
the loading of serum samples into the preformed slots.
Serum was loaded into a slot by means of a 1 ml 
tuberculin syringe and a 25-gauge needle. These were then 
rinsed well with distilled water before loading serum from a 
different individual into the next slot. When all of the 
slots were filled, the two rows were covered with molten 
petroleum jelly, the gel was covered with plastic wrap Lo 
prevent dehydration, and the gel tray was turned vertically 
and placed in the lower electrode chamber. The upper end of
the gel was then connected to the upper electrode chamber by- 
means of a filter paper bridge. Direct current was passed 
through the gel for an appropriate period (four or five 
hours), during which coolant was supplied to the back of the 
gel chamber by means of an enclosed refrigerated cooling 
system. At the end of the electrophoretic separation# gels 
were removed from the gel chamber and stained in an appro­
priate manner for the protein under study. Lactate dehydro­
genase, alcohol dehydrogenase, malate dehydrogenase and 
glutamate oxalate transaminase were stained in the manner 
described by Selander, et aĵ . (1971), acid phosphatase, 
caeruloplasmin, haptoglobin, and esterases were stained in 
the manner described by Smith (1968), and the "white bands" 
of Birdsall, Redfield and Cameron (19 70) were obtained on 
gels overstained for esterases in the manner described by 
those authors.
Serum proteins were stained in a saturated solution 
of napthol blue-black (Sigma Chemical Co., St. Louis, MO) for 
four minutes, and then destained in the solvent-^methanol, 
water, and acetic acid in a 50:50:1 ratio by volume. The 
gels were kept in this solution until photographed on 3 5 mm 
Kodak. High Contrast Copy film, and were then placed in 
plastic wrap and stored in a refrigerator.
Four types of serum protein were chosen for investi­
gation in this study-— transferrin, alpha-globulin, albumin, 
and pre-albumin. These were chosen because each demonstrated
individual variation in the pattern of banding that resulted 
from the electrophoretic separation of blood serum. The 
inheritance of each appeared to involve codominant alleles at 
a single autosomal genetic locus: no individual possessed
less than one nor more than two of each of the proteins . 
Furthermore, previous studies have revealed this type of 
inheritance for these proteins, for example, transferrins in 
the laboratory mouse, Mus musculus (Cohen 1960, Shreffler 
1960) and in many other species--alpha-globulins in man,
Homo sapiens (Smithies and Walker 1955), albumins in cattle 
Bos taurus (Ashton 1964), and pre-albumins in the pig,
Sus scrofa (Kristjansson 1963).
The location of the transferrin bands on the starch 
gel was found by means of the iron stain developed by 
Ornstein (no date). Immediately before use, the three 
solutions given in part A of Table 3 were mixed in the 
proportion 1:1:20 and poured over a starch gel on which 
serum proteins had been separated. The eventual appearance 
of light green bands indicated the position of the trans­
ferrins. These bands corresponded to those of moderate 
density approximately midway between the origin and the most 
anodal bands on a starch gel stained with napthol blue- 
black. The other three types of protein were not located by 
means of a specific stain. The albumins were identified by 
their heavy staining and their anodal position relative to 
most of the other proteins. Dilution of the serum samples
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Table 3. (A) Electrophoretic conditions for the proteins examined
(B) Constituents of buffers.
(A)
Protein Gel Buffer Electrode Buffer pH Voltage Time
Transferrin tris-borate tris-borate 7.6 500 4 hours
Pre-albumin tris-borate tris-borate 7.6 525 4 hours
Albumin tris-citrate borate-LiOH 8.6 400 5 hours
Alpha-globulin tris-citrate borate-LiOH 8.6 400 4 hours
(B)
Tris-borate, pH 7.6 tris (hydroxymethyl) aminomethane 
boric acid 
distilled water
36.33 g 
60.00 g 
to 4 litres
Tris-citrate, pH 8.6
Borate-LiOH, pH 8.6
tris (hydroxymethyl) aminomethane 
citric acid, monohydrate 
distilled water 
Borate-LiOH, pH 8.6
boric acid 
lithium hydroxide 
distilled water
38.40 g 
3.30 g 
to 3.6 litres 
to 4 litres
47.20 g 
9.60 g 
to 4 litres
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was generally necessary to accurately determine which albumin 
bands were present. The pre-albumins were identified by 
their position anodal to the albumins. The alpha-globulins 
were identified from their position between the transferrins 
and albumins. Specific staining of starch gels for caerulo­
plasmin (Owen and Smith, 1961) and haptoglobin (Smithies, 
showed that the alpha-globulins did not represent 
either of these proteins.
The migration pattern of each type of protein investi­
gated was found to depend upon £he conditions under which 
electrophoresis was performed. Differences in the type of 
buffer, the pH of the buffer, and the voltage used during the 
electrophoretic separation resulted in obvious differences in 
the relative locations of the bands of stained protein on the 
gels. Largely through trial and error, the clarity and 
degree of separation of the bands of protein were gradually 
improved. Parts A and B of Table 3 show the electrophoretic 
conditions finally used for each type of protein and the 
constituents of each buffer. Buffers used for separation of
enzymes were those recommended in previous studies.
\
Cranial Measurements
Skulls were removed from the pikas during preparation 
of skins. The skulls were dried, and the flesh was removed 
by dermestid beetles. The skulls and skins are now 
cataloged in the University of Montana mammal collection.
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Additional skulls from Montana and northern Wyoming in the 
mammal collection were also used in this study.
Whenever possible, four measurements were taken from 
each skull. These are shown in Figure 3. They were made in 
the following way:
1. Condylobasal length— from the rear of the 
occipital condyles to the front edge of the 
premaxillary bone at the top of the inner 
surface of the grooved incisors.
\2. Nasal length— -parallel to the sagittal axis 
of the skull, from the most posterior point 
of the nasal bone to the most anterior point.
3. Parietal width— perpendicular to the sagittal 
•axis of the skull, between the most exterior
points of the parietal bones. The points 
involved were directly above or slightly 
behind the external auditory meatus.
4. Maxillary process width-— perpendicular to 
the sagittal axis of the skull, between the 
external edges of the projection of the 
maxillary bone.located below the anterior 
portion of each orbit.
Of the four measurements chosen for this study, 
condylobasal length and nasal length have been found useful 
in previous studies for determining subspecific differences 
in the pika. Parietal width was taken rather than cranial 
breadth, which is customarily used in taxonomic studies, 
because a ridge of the temporal bone occasionally occurred 
on the lateral margin of the skull, at the edge of the 
parietal. Maxillary process width was chosen because of the 
comparative ease and precision with which this measurement 
could be taken. These measurements were used by Roper (1956).
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Figure 3. Diagrams of pika skulls showing the four
measurements taken. CL— condylobasal length, 
MPW— maxillary process width, NL--nasal length, 
PW— parietal width.
CL
MPW
NL
PW
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Nasal length was taken with a Bausch & Lorabe 10X 
optical micrometer mounted on a dissecting microscope. 
Condylobasal length, parietal width, and maxillary process 
width, were each taken by means of a Vernier caliper. Both 
methods of measurement were accurate to 0.1 mm. The skulls 
were measured in random order to reduce chances of bias, 
Readings were taken until two measurements gave the same 
result. Because of damage to some of the skulls, it was not 
possible to take each of the four measurements on all of 
them.
CHAPTER III
RESULTS 
Karyotype Processing
The cultures of bone marrow yielded eight cell 
spreads suitable for karyotypes. These came from four pikas, 
of which one was male and three were female. Examples of the 
male and female karyotypes are shown in Figures 4 and 5. The 
individuals from which these were made were taken near Gothic, 
Colorado. The number of chromosomes found in these karyo­
types (2N = 68) conforms to the number previously reported 
from specimens taken from the Sapphire Mountains of western 
Montana (Hsu and Benirske 1971). No individual variation 
in karyotype, other than that involving the sex chromosomes, 
was found.
Due to the low number of satisfactory karyotypes 
produced, it was not possible to carry out the original 
intent of comparing pika populations by means of karyotype.
The standard procedure in karyotyping involves the scrutiny 
of ten or more separate cell spreads before it is considered 
that a reliable karyotype has been produced. This number of 
satisfactory cell spreads was not obtained in the entire 
study, let alone from the pika of a single population.
Once the field work was underway, no major changes in 
procedure were instituted, since metaphase cells were noted
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Figure 4 Karyotype of male pika taken near Gothic, 
Colorado.
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Figure 5 Karyotype of female pika taken near Gothic, 
Colorado.
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on many of the microscope slides produced from the cultures 
of bone marrow cells, and it appeared that the majority of 
these would be satisfactory for the production of karyotypes. 
Later examination at a higher magnification revealed that 
this was not, in tact, the case. Changes in the molarity of 
the sodium citrate solution and in the time of cells in 
solution were made during the study, but it now appears that 
a more reliable technique should have been employed. For 
instance, long-term cultures might have been initiated and 
transferred to the laboratory, where microbial contamination 
could have been treated so that cell growth and reproduction 
were optimal. In addition, the fact that the chromosomes 
could not be photographed in a single plane because the cells 
had been incompletely flattened by the squash technique 
could have been avoided by use of a technique involving the 
culture of leucocytes (Ushijima, personal communication).
Cranial Measurements
On the basis of the measurements made, it was apparent 
that the skulls of the first-year juveniles collected during 
this study had not reached adult dimensions. These skulls, 
therefore, were eliminated from any statistical testing. The 
remaining juvenile skulls of the University collection were 
also distinguished from those of adults by means of the data 
in the museum records, and in some questionable cases, by the 
appearance of the skull and its sutures.
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Because of the possibility of sexual differences, the 
null hypothesis that the skulls of adult males did not differ 
significantly in their dimensions from those of adult females 
was tested by means of a series of Student's t tests. The 
mean measurements for each sex, together with their standard 
deviations are shown in part A of Table 4. Even though the 
mean for each male measurement was larger than the mean for 
the corresponding female measurement, the t values were 
found to be insignificant (p> 0.05) in each case. On the 
basis of these findings, males were pooled with females for 
further statistical testing.
The measured skulls came from animals of a number of 
presently recognized subspecies (Hall and Kelson, 1959).
These are shown in Figure 1. The mean measurements, stan­
dard deviations, and sample sizes for each subspecies are 
listed in part B of Table 4. The various subspecies were 
initially compared with respect to each of the four cranial 
measurements by means of a single factor analysis of 
variance. In this and subsequent tests the three British 
Columbia subspecies were pooled since adequate numbers of 
each were lacking. Thus the tests upon the four measurements 
involved the British Columbia group of subspecies (0. js. 
brunnescens, O . ]d . f enisex, and 0. jd. cuppes) , 0. princeps 
from western Montana, 0. p. ventorum from southern Montana 
and Wyoming, and 0. ja. figginsii from Colorado.
Table 4. Cranial measurements of adult pikas (A) by sex (B) by subspecies (C) of 0. p. princeps taken east 
and west of the Continental Divide.
Adult males 
Adult females
Condyloba. Length
N Mean ± s.d. 
(33) 40.15 + 1.78 
(36) 39.71 + 1.28
Nasal Length 
N Mean ± s.d.
Parietal Width 
N Mean ± s.d.
(52) 14.02 + 0.83 (41) 17.93 + 0.68
(48) 13.94 + 0.58 (43) 19.90 + 0.65
Maxillary Process Width 
 N Mean ± s.d.____
(42) 19.72 + 0.76
(44) 19.42 + 0.64
B
0. p. fenisex ) (5) 13.84 + 0.23* (4) 18.05 + 0.60* (3) 20.17 + 0.65
0. p. cuppes )
0. p. princeps (48) 39.50 + 1.35* (69) 13.67 + 0.62* (57) 17.88 + 0.65* (55) 19.60 + 0.73
0. p. ventorum (21) 39.67 + 1.08* (22) 14.61 + 0.48* (23) 17.50 + 0.46* (24) 19.47 + 0.43
0. p. figcinsii (9) 41.98 + 1.35* (16) 14.55 + 0.59* (10) 18.66 + 0.65* (14) 19.39 + 0.83
0. p. prir.ceps 
(West of the Divide)
0. p. princeps 
(East of the Divide)
(32) 39.57 + 1.37 (54) 13.66 + 0.64 (41) 17.91 + 0.68
(16) 39.34 + 1.33 (15) 13.72 + 0.59 (16) 17.81 + 0.55
(39) 19.69 + 0.77 
(16) 19.36 + 0.67
*Differences between sample means are significant (p< 0.001).
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The initial analyses of variance each tested the null 
hypothesis that there was no difference between the subspe­
cies with respect to the means for the measurement in 
question, and that differences between the sample means were 
due merely to sampling deviations. The results showed that 
the differences between the sample means for each of the 
measurements except maxillary process width were highly 
significant (p <0.001), and thus the null hypothesis was 
rejected for condylobasal length, nasal length, and parietal 
width.
The subspecies were next compared by means of a series 
of Student's t tests (see Table 5). Each of these tested the 
null hypothesis that there was no difference between the two 
subspecies involved in a particular test with respect to the 
means for a particular measurement, and that any differences 
were attributable to chance sampling.
Tests upon the condylobasal lengths showed that the 
mean for O. p. figginsii differed significantly from those 
for both O. p. princeps and O. p. ventorum (p < 0.001) . The 
remaining tests did not indicate other significant differ­
ences. The subspecies from British Columbia were not 
involved in these tests because the collected skulls all 
had damage which made it impossible to measure condylobasal 
lengths.
The mean parietal width in 0. p. figginsii differed 
significantly from that in both O. p. princeps and
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Table 5. Results of paired Student's t tests on skull measurements comparing 
samples (A) from each subspecies (B) from mountain ranges in western Montana.
B. C. Subspecies* vs.
0. p. princeps
B. C. Subspecies* 
vs .
0. £. ventorum
B. C. Subspecies* 
vs .
0. p. figginsii
0. £. princeps 
vs .
0. p. ventorum
O . p. princeps 
vs .
O . p. f igginsii
Condylobasal Nasal Parietal Maxillary Process
Length Length Width  Width______
p > 0.6
p>0.5 p>0.6
p < 0.02** p > 0.1
> 0.1
p<0.01** p < 0.0b** p < 0.02**
p> 0.1
p< 0.001** p< 0.02** p> 0.4
p< 0.001** p< 0.001** p< 0.001** p> 0.3
0. p. ventorum 
vs .
O . p. f igginsii
p< 0.001** p> 0.7 p< 0.001** p> 0.6
B
Bitterroot vs.
Mission, Rattlesnake, p> 0.1 p> 0.1 p< 0.01** p< 0.05**
and Squaw Peak
♦British Columbia subspecies represent the subspecies of O. £>. brunnescens, 
O. p. cuppes, and 0. p̂. fenisex.
♦♦Denotes significant results at 0.05 level of probability.
47
O. ventorum (p <0.001). In addition, the mean for O. p. 
ventorum differed significantly from that in O. jd. princeps 
(p<0.02) and the British Columbia subspecies (p< 0.05). The 
other tests involving this measurement did not indicate any 
significant differences.
Tests upon the maxillary process widths generally 
revealed that there were no significant differences between 
the means for the various subspecies. The one exception was 
the test between O. p. ventorum and the British Columbia 
subspecies, in which there was a significant difference
(p < 0.02) .
Further testing was performed to determine the extent 
of the variation within O. p. princeps, the subspecies most 
extensively sampled. The populations of O. ;p. princeps 
were divided into two groups: those situated east of the
Continental Divide and those situated west of the Continental 
Divide. Two samples from populations in the Lewis Range 
(B of Figure 6), located east of the Divide but considerably 
north of the remaining eastern populations, were pooled with 
those from the west because of their proximity to those 
populations. A Student's t test comparing samples from east 
and west of the Continental Divide was performed for each of 
the four measurements described. The mean measurements and 
standard deviations are shown in part C of Table 4. Results 
showed that there were no significant differences between the 
two groups of samples with respect to these measurements.
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Figure 6. Locations from which pika skulls were collected 
for the mammal museum at the University of 
Montana. Large dots represent the sampling 
areas. Dotted line represents the Continental 
Divide. Major river systems are shown. Mountain 
ranges are indicated by the following letters:
A. Whitefish Range
B. Lewis Range
C. Mission Range
D. Rattlesnake Range
E . Squaw Peak Range
F . Bitterroot Range
G. Sapphire Range
H. Flint Creek Range
I . Beaverhead Range 
J. Pioneer Range 
K. Tobacco Root Range 
L. Little Belt Range 
M. Crazy Range 
N. Gallatin Range 
0. Absaroka Range 
P. Big Horn Range
Mountain ranges A--M are within the range of 
distribution of 0. p_. princeps; mountain ranges 
N--P are within the range of 0. p. ventorum.
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Thus there was no justification for the separation of popu­
lations of O. ]D. princeps into eastern and western groups.
The individual populations of 0. princeps were 
then grouped according to the mountain ranges in which they 
occurred (Figure 6). Some pooling of the samples from 
d.ifferent mountain ranges was performed because of the 
limited size of some samples and the close proximity of 
certain mountain ranges. The groupings are listed in Table 6, 
together with the means and standard deviations for each 
measurement. An analysis of variance was then performed on 
the eight groups to test the homogeneity within the sub­
species O. p. princeps.
Only one measurement, parietal width, varied signifi­
cantly between mountain ranges (p< 0.001), while the 
variation in maxillary process width was nearly significant 
(p£ 0.05). An examination of the means for the measurements 
in the samples from the various mountain ranges revealed 
that the skulls from the Bitterroot Range were considerably 
larger than those from the rest of western Montana. The 
analysis of variance was repeated for parietal width and 
maxillary process width, but with the samples taken from the 
Bitterroot Range omitted. These tests did not reveal a 
significant variation among the remaining samples. Further­
more, t tests (Table 5, part B) involving this sample and 
that from the adjacent Mission, Rattlesnake, and Squaw Peak 
ranges showed significant differences in the parietal width
Table 6. Cranial measurements for adult pikas listed according to mountain ranges in Montana.
Condylo’casai Length Nasal Length Parietal Width Maxillary Process Width
N Mean 1 s.d. N Mean t s.d. N Mean i s.d.  N Mean - s.d._____
Whitefish, Lewis (5 ) 39.24 + 1.60 (9) 13.39 + 0.53 (7) 17.49 + 0.76* (7) 19.17 + 0.82
Mission, Rattlesnake,
Squaw Peak (13) 39.49 + 1.43 (21) 13.62 + 0.68 (14) 17.91 + 0.55* (17) 19.71 + 0.69
Bitterroot (6) 40.52 + 1.46 (14) 13.93 + 0.61 (11) 18.58 + 0.36* (7) 20.39 + 0.66
Sapphire, Flint Creek (8) 39 .23 + 0.89 (11) 13.57 + 0.61 (9) 17.42 + 0.46* (8) 19.53 + 0.65
Beaverhead, Pioneer (5) 39.38 + 1.40 (5) 13.36 + 0.54 (5) 17.84 + 0.45* (5) 19.26 + 0.38
Tobacco Root (3) 40.20 + 0.87 (3) 13.87 + 0.25 (3) 17.90 + 0.78* (3) 19.33 + 0.21
Little Belt (4) 39.78 + 1.05 (4) 14.25 + 0.19 (4) 18.15 + 0.58* (4) 19.63 + 0.94
Crazy (4) 38.20 + 1.40 (3) 13.47 + 0.85 (4) 17.35 + 0.24* (4) 19.23 + 0.59
‘Differences between sample means are significant (p< 0.001).
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(p<0.01), and the maxillary process widths (p<0.05). Thus 
the samples from the Bitterroot populations appear largely 
responsible for the significant variation in these measure­
ments within 0. ]D, princeps , whereas the remaining popula­
tions of 0. p. princeps can be considered homogeneous. There 
is no obvious reason why populations in the Bitterroot Range 
should differ in this way from those in other mountain ranges 
occupied by 0. p. princeps.
Electrophoresis
Inter-population and intra-population variation were 
not found in many of the enzymes and other blood proteins of 
the pika investigated by means of starch gel electrophoresis. 
This was true for lactate dehydrogenase, alcohol dehydro­
genase, malate dehydrogenase, alkaline phosphatase, glutamate 
oxylate transaminase, hemoglobin, caeruloplasmin, and 
haptoglobin. A population in Colorado contained an apparently 
rare polymorphism for the white bands seen on gels over­
stained for esterases, but further investigation was 
prevented by difficulties encountered in staining for the 
enzyme involved. Complex and variable banding patterns were 
seen on gels stained for esterases, but because they proved 
so difficult to elucidate, these enzymes were not included 
in this study.
A number of the serum proteins showed inter-population 
and intra-population variation. These included the transfer­
rins, alpha-globulins, albumins, and pre-albumins.
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Transferrin
Transferrin appeared to be the most variable of the 
proteins studied. Eight transferrin bands were identified 
by the specific stain described by Ornstein (no date). Each 
apparently represented a different allele since, as 
previously mentioned, one heavily stained band or two lightly 
stained bands appeared in the serum from each pika. Seven of 
these transferrins are shown on the starch gel shown in 
Figure 7, stained with napthol blue-black, and the relative 
positions of all eight bands are illustrated in Figure 8.
In Table 7 are shown the frequencies of the transfer­
rin alleles in pikas from the various locations sampled. As 
can be seen, five of the eight alleles each appeared in 
samples taken from only one location. These were Tf— , from
the Lewis and Clark Range in Montana (see Figure 1 and Table
C J1) ; Tf— , from the Cascade Range in British Columbia? Tf— ,
Kfrom the Christina Range in British Columbia; and Tf— , from
five talus slides from the Elk Range in Colorado.
The remaining three alleles had a fairly widespread
distribution. Allele Tf— was found in Colorado and in almost
all of the samples from western Montana. Allele Tf— was the
most common found among the samples from Colorado, but it had
a relatively restricted distribution in western Montana,
being found in only three locations there. It also occurred
in one pika from the Selkirk Range of eastern British
GColumbia. Allele Tf— was found in all of the samples from
54
Figure 7 Photograph showing seven allelic forms of 
transferrin phenotypes from left to right--TfG,
TfGJ, TfEl, TfGJ, TfIK, TfCE, TfAE, TfE, and TfE.
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Figure 8. Relative migration rates of the serum proteins 
found in pikas. Each was measured relative to
allele A1-.
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Table 7. Frequencies of transferrin alleles in pikas sampled in British 
Columbia, Montana, and Colorado. Locations are listed according to area 
designations of Figures 1 and 2.
AREAS
Rr i t i sh 
Columbia Tf— Tf-
ALLELIC FREQUENCIES
Tf- Tf- Tf- Tf- Tf— Tf—
250
1.000
1.000
.750
.750 1.000 .250
Mor i Let na
F 1 1.000
G 3 1.000
H 8 .875 .125
I 1 1.000
J 8 1.000
K 11 1.000
L 22 .886 .114
M 1 1.000
N 3 .333 .667
0 2 1.000
P 5 .100 .900
Q 7 1.000
Colorado
1969
1 10 . 200 .800
2 5 .300 .700
3 6 .500 .500
4 18 .583 .417
5 4 .125 .875
6 6 .500 .500
7 4 .375 .625
8 6 .417 .583
9 6 .583 .333 .083
10 5 .600 . 300 . 100
11 16 .375 . 563 .063
12 5 1.000
13 5 .600 .300 .100
15 7 .714 . 286
lb 4 . 375 .625
17 11 .773 . 227
18 4 .875 .125
TOTAL 122 .480 .496 .025
2, 3 5 .300 .700
11 7 .428 . 357 .215
14 4 .375 .625
15 12 .542 .458
16 4 .375 .625
TOTAL 32 .438 .516 .047
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three different subspecies, taken west of the Columbia River 
in British Columbia, but not elsewhere. No transferrin 
alleles v/ere found to be common to populations on both sides 
of this river.
Nine of the twelve populations sampled in western
EMontana were monomorphic for allele Tf— . One population in 
the Bitterroot and one in the Rattlesnake mountains of 
western Montana had allele Tf— at low frequency, and the 
single animal taken in the nearby Sapphire Mountains was 
homozygous for Tf— . Among the Colorado populations, only 
one sample was monomorphic at the transferrin locus. Two 
transferrin alleles were found in eleven of the remainder, 
and on five of the slides, three alleles were found.
Alpha-globulin
Variation in the alpha-globulin region of the starch 
gel involved two bands of protein, apparently controlled by 
codorainant alleles at a single locus. A single band of 
protein which migrated more rapidly, and another which 
migrated less rapidly, were also present in the alpha-globulin 
region, but did not appear variable.
The two alpha-globulins studied are illustrated in 
Figure 8 and shown in Figure 9. The frequencies of the 
alleles controlling them at the various locations are shown
Gin Table 8. The most common allele, Ag— , was present at 
every location sampled, and at 21 of the 35 locations was
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Figure 9. Top left photograph shows allelic forms of pre­
albumin. Phenotypes from left to right are PaSW, 
PaWX, PaW, PaV, PaU, PaT, PaT, PaSW, and DaWX. 
Center photograph shows allelic forms of albumin. 
Phenotype second from left is AlC, the rest are 
AID. Bottom right photograph shows allelic forms 
of alpha-globulin. Phenotype at left is AgDG, 
the rest are AgG.

62
Table 8. Frequencies of alpha-globulin and albumin alleles in pikas 
sampled in British Columbia, Montana, and Colorado. Locations are 
listed according to area designations of Figures 1 and 2.
AREAS ALLELIC FREQUENCIES ALLELIC FREQUENCIES
N 7V ^bar N
ft! Al- Al-BritishColumbia
A 2 1.000 2 1.000R 3 1.000 3 1.000C 2 .250 .750 2 1.000
D 2 1.000 2 1.000E 1 .500 .500 1 1.000
Montana
F 1 1.000 1 1.000G 3 .167 .833 3 1.000
H 8 .313 .688 8 1.000I 1 1.000 1 1.000
J 8 .313 .688 8 1.000
K 11 .091 .909 11 1.000
L 22 .227 .773 22 1.000
M 1 1.000 1 1.000
N 3 .333 .667 3 1.0000 2 1.000 2 1.000P 5 .600 .400 5 1.000
Q 7 .714 .286 7 1.000
Colorado -•
1969
1 10 .050 .950 10 1.000
2 5 .100 .900 5 1.000
3 6 1.000 6 1.000
4 18 1.000 18 1.0005 4 1.000 4 1.000
6 6 .083 .917 6 1.000
7 4 1.000 4 1.000
8 6 1.000 6 1.0009 5 1.000 6 1.000
10 4 1.000 5 .100 . 90011 15 .033 .967 16 .094 .906
12 5 1.000 5 1. 000
13 5 1.000 5 .100 .900
15 7 1.000 7 1.000
16 4 1.000 4 1.00017 10 1.000 11 1.00018 4 1.000 __4 1.000
TOTAL 118 .025 .975 122 .020 .980
1971
2, 3 5 1.000 5 1.00011 7 1.000 7- .071 .92914 4 1.000 4 1.00015 12 1.000 12 1.00016 4 1.000 4 1.000
TOTAL 32 1.000 32 .016 .984
the only one present. However, allele Ag— was also wide­
spread, occurring in some of the populations sampled in 
British Columbia and Colorado and most of those in Montana, 
where its frequency was highest. Only in the Little Belt
and Gallatin Mountains of western Montana was the frequency
D Gof Ag— greater than that of Ag— . In the samples taken in
Colorado in 1969, Ag— was found in very low frequencies on
four slides, three on the west side of the study area and
one near Copper Creek, on the east side. The allele was not
found in the Colorado samples taken in 19 71, although two of
the slides sampled there had previously contained it.
Albumin
Due to the high concentration of albumin in the serum, 
and the excessively heavy staining which it caused, the 
samples were diluted with ten parts water before examining 
this protein by means of electrophoresis. This allowed the 
resolution of the bands of albumin present on a starch gel.
When a tris-borate buffer was used in the gel, each 
albumin appeared as a pair of bands. In heterozygotes, three, 
rather than four, bands were visible, due to the coincidence 
of two of the bands. Dimers or breakdown products of albu­
mins have previously been encountered in starch gel electro­
phoresis (Mclndoe 1962, Ashton 1964, Smith, 1968, Selander, 
et clI. , 1971). Interpretation of albumin patterns was based
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upon protein separations on gels made with a tris-citrate 
buffer, on which the extra albumin bands did not appear. 
Albumin variation consisted of bands of protein
apparently controlled by three alleles, which were desig-
B C Dnated Al— , Al— , and Al— , as illustrated in Figure 8. Two
albumin bands are shown in Figure 9. The allelic frequen­
cies at the various locations are shown on Table 8. In the
Little Belt Mountains and the Gallatin Mountains of Montana,
C DAl— was the only allele found. Elsewhere, only Al—  was
found, except in Colorado where populations on three of the 
slides also contained Al— at a low frequency. These slides 
were all located in Copper Creek Canyon.
Thus, the albumins appeared to be the least poly­
morphic of the four proteins studied. Of the 35 samples, 31 
showed no polymorphic variation, while the four that did 
were all taken in one canyon in Colorado. Two of the mono­
morphic populations in Montana possessed one of the rarer 
alleles.
Pre-albumin
Electrophoresis revealed seven different bands of 
protein that migrated to a position anodal to the albumins. 
Each appeared to be controlled by a different allele at a 
single locus. The pre-albumins are illustrated in Figure 8 
and a number of the bands are shown photographed in Figure 9. 
As shown in Table 9, populations of 28 of the 35 locations
65
Table 9. Frequencies of pre-albumin alleles in pikas sampled in 
Columbia, Montana, and Colorado. Locations are listed according
designations
AREAS
Of Figures 1 and 2.
ALLELIC FREQUENCIES
British Pa— Pa— Tpa— „ v Pa— WPa—Columbia N -
A 2 1.000
B 3 1.000C 2 1.000
D 2 1.000
E 1 .500 .500
Montana
F 1 1.000
G 3 .500 .167 .333
H 8 .063 .375 .563
I 1 1.000
J 8 .250 .063 .563
K 11 .864 .136
L 22 .545 .023 .432
M 1 .500 .500
N 3 1.000
0 2 .250 .750P 5 .900 .100Q 7 .786 .143 .071
Colorado
1969
1 10 .050 .500 .100 .3502 5 .100 .100 . 200 .6003 6 .167 .167 .167 .5004 18 .111 .278 .6115 4 .125 .375 .250 .2506 6 .083 .500 .417
7 4 .375 .125 .125 .125 .2508 6 .333 .250 .4179 6 .750 .25010 5 .200 .400 .100 .30011 16 .031 .438 .219 .28112 5 .400 .60013 5 .300 .100 .60015 7 .143 .214 .64316 4 .125 .500 .125 .25017 11 .091 .409 .500.18 4 .125 .500 .125 .250
TOTAL 122 .049 .205 .291 .016 .434
19 71
2, 3 5 .600 .40011 7 ,214 .78614 4 .125 .125 .62515 12 .333 .125 .54216 4 .375 .375 .250
T O T A L 32 .188 .250 .547
British 
to s i te
.125
.031
.004
.125
.016
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sampled were polymorphic for pre-albumin. The seven 
exceptions were samples containing three or fewer animals,
in which the chance of sampling error was, of course, high.*
Colorado populations showed the highest degree of poly­
morphism at the pre-albumin locus, with four or more alleles 
present at nine of the sites. No monomorphic populations 
were found in Colorado.
Allele Pa— occurred in populations on seven of the 
slides in and around Copper Creek Canyon in Colorado and in
Sthe sample from Oregon Lake in Montana. Pa— had a widespread
distribution, occurring in many areas of Montana and
Colorado, and at the easternmost sampling area in British 
TColumbia. Pa— was not found in British Columbia, but
occurred in all of the populations sampled in Colorado and
in some of those sampled in Montana. Pa— was found on three
slides in western British Columbia, but nowhere else. Pa—
was found on four slides sampled in Colorado in 196 9, but
was not encountered in pika collected in Colorado in 1971,
WPa—  was the most widespread pre-albumin, occurring throughout
Colorado (except at site 5) and Montana,(except in the
Whitefish Range), and was also found at two locations in
eastern British Columbia. The rarest allele at the pre-
Xalbumin locus, Pa— , occurred in samples taken in both 1969 
and 1971 from the Copper Creek area of Colorado, as well as 
at Schley Mountain in the Bitterroot Range of Montana,
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Tests on Demic Structure of Populations
Tables 10 and 11 show the observed totals of pheno­
types at the transferrin and pre-albumin loci in the samples 
taken from pika populations during this study. The tables 
include only those populations polymorphic at the locus in 
question from which samples of four or more individuals were 
taken, in Order to eliminate the sampling error in even 
smaller samples. For this reason, populations sampled in 
British Columbia and some areas of Montana are not repre­
sented. Also shown in the tables, in parentheses below the 
observed number of each phenotype, are the numbers of animals 
expected, calculated on the basis of the Hardy-Weinberg Law 
from the observed allelic frequencies, p and q, where 
q = 1 - p. Because of the low frequency of some of the 
alleles in the samples, each locus is represented in the 
tables by only three phenotypes. In each case, the
symbol 1 indicates where alleles have been pooled for the
I Kpurpose of this analysis. Alleles Tf— and Tf—  are pooled
I ' R S Tunder the designation Tf— ; alleles Pa— , Pa— , and Pa—  are
T * V W Xpooled as Pa—  ; and alleles Pa— , Pa— , and Pa— are pooled as
W 'Pa— . Thus, several of the phenotypes in the tables repre­
sent more than one electrophoretically distinguishable 
phenotype in the samples. For example, phenotype TfEl1 
actually represents phenotypes TfEl and TfEK.
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Table 10. Observed and expected phenotypic frequencies at the 
transferrin locus, and inbreeding coefficients calculated from 
them. Only samples polymorphic at the transferrin locus are 
included.
AREAS PHENOTYPIC FREQUENCIES
Montana N ..-TfE TfE'T1 Tf I ' p F1
H 8 6(6.13)
2
(1.75)
0
(0.13)
0.88 -0.14
L 22 17(17.28)
5
(4.43)
0
(0.28)
0.89 -0.13
P 5 4(4.05)
1
(0.90)
0
(0.05)
0.90 -0.11
Colorado
1969
1 10 0(0.40)
4
(3.20)
6
(6.40)
0.20 -0.25
2 5 1(0.45)
1
(2.10)
3
(2.45)
0.30 0.52
3 6 1(1.50)
4
(3.00) .
1
(1.50)
0.50 -0.33
4 18 6(6.12)
9
(8.75)
3
(3.12)
0.58 -0.03
5 4 0(0.06)
1
(0.88)
3
(3.06)
0.13 -0.14
6 6 2(1.50)
2
(3.00)
2
(1.50)
0.50 0.33
7 4 1(0.56)
1
(1.88)
2
(1.56)
0.38 0.47
8 6 1(1.04)
3
(2.92)
2
(2.04)
0.42 -0.03
9 6 1(2.04)
5
(2.91)
0
(1.04)
0.58 -0.72
10 5 2(1.80)
2
(2.40)
1
(0.80)
0.60 0.17
11 16 3(2.25)
6
(7.50)
7
(6.25)
0.38 0.20
13 5 2(1.80)
2
(2.40)
1
(0.80)
0.60 0.17
15 7 3(3.57)
4
(2.86)
0
(0.57)
0.71 -0.40
16 4 1(0.56)
1
(1.97)
2
(1.56)
0.38 0.47
17 11 7(6.57)
3
(3.86)
1
(0.57)
0.77 0.22
18 4 3(3.06)
1
(0.88)
0
(0.06)
0.88 -0.14
19l\
2, 3 5 1(0.45)
1
(2.10)
3
(2.45)
0.30 0.52
11 7 1(1.29)
4
(3.43)
2
(2.29)
0.43 -0.17
14 4 1(0.56)
1
(1.00)
2
(1.56)
0.38 0.47
15 12 5(3.52)
3
(5.96)
4
(2.52)
0.54 0.50
16 4 0(0.56)
3
(1.88)
1
(1.56)
0.38 -0.60
Total for 
Colorado 149
42
(35.28)
61 
(74 .45)
46
(39.28)
0.49 0.18
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Table 11. Observed and expected phenotypic frequencies at the 
pre-albumin locus, and inbreeding coefficients calculated from 
them. Only samples polymorphic at the transferrin locus are 
included.
PHENOTYPIC FREQUENCIES
F .Montana N PaT' PaT'W' PaW' p 1
H 8 1 5 2 0 .44 -0 .27(1.53) (3.94) (2.53)
T 8 1 3 4 0.31 0.13u (0.78) (3.44) (3.78)
K 1 1 8 3 0 0 . 8 6 -0.16(8 .2 0 ) (2.59) (0 .2 0 )
2 2 9 7 6 0.57 0.35(7.10) (10.80) (4.10)
p 5 4 1 0 0.90 - 0 . 1 1
(4.05) (0.90) (0.05)
n 7 6 1 0 0.93 -0.08i (6.04) (0.93) (0.04)
Colorado
1969
1 0 3 5 2 0.55 - 0 . 0 1(3.03) (4.95) (2.03)
2 c 1 2 2 0.40 0.17D (0.80) (2.40) (1.80)
3 c 2 2 2 0.50 0.33O (1.50) (3.00) (1.50)
4 18 4 6 8 0.39 0.30(2.72) (8.56) (6.72)
5 A 2 2 0 0.75 -0.33•i (2.25) (1.50) (0.25)
£ C 2 3 1 0.58 -0.03O (2.04) (2.92) (1.04)
■7 A 2 1 1 0.63 0.47H (1.56) (1 .8 8 ) (0.56)
8 6
2 3 1 0.58 -0.03
(2.04) (2.92) (1.04)
g c. 4 1 1 0.75 0.56o (3.38) (2.25) (0.38)
1 0 c 3 0 2 0.60 1 . 0 0D (1.80) (2.40) (0.80)
1 1 16 7 8 1 0.69 -0.16(7.56) (6 ,8 8 ) (1.56)
1 2 5 1 2 2 0.40 0.17(0.80) (2.40) (1.80)
13 5 2 0 3 0.40 1 . 0 0(0.80) (2.40) (1.80)
15 7 1 3 3 0.36 0.07(0.89) (3.21) (2.89)
16 4 2(2.25)
2
(1.50)
0
(0.25)
0.75 -0.33
17 1 1 7 7 2 0.50 -0.27(2.75) (5.50) (2.75)
18 4 3(2.25)
0
(1.50)
1
(0.25)
0.75 1 . 0 0
19 71
2, 3 5 2(1.80)
2
(2.40)
1
(0.80)
0.60 0.17
1 1 7 1(0.32)
1
(2.36)
5
(4.32)
0 . 2 1 0.58
14 4 0 2 2 0.25 -0.33(0.25) . (1.50) (2.25)
lb 1 2 2 8 2 0.50 -0.33(3.00) (6 .0 0 ) (3.00)
16 4 2 1 1 0.63 0.47(1.56) (1 .8 8 ) (0.56)
Total for 
Colorado 154
50
(43.13)
61
(76.74)
'43
(34.13)
0.53 0 . 2 1
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As already mentioned, there is reason to believe that 
few natural populations of small mammals ever exist under 
the conditions necessary for the Hardy-Weinberg Law to hold. 
Small demic groups, subject to the effects of genetic drift 
and migration, are probably characteristic of nearly all 
populations of small mammals f including the pika. To 
demonstrate the demic nature of their population structure, 
a method has been employed with other animal species of 
small mammals that involves the departure from equilibrium 
frequencies brought about by the Wahlund effect (Rasmussen 
1964, Petras 1967, Selander 1970b). As previously described, 
a large group of organisms that consists of several randomly- 
mating demes will contain less than the number of heterozy­
gotes expected on the basis of the Hardy-Weinberg Law when it 
is viewed as a single population. Thus, a deficiency of 
heterozygotes is likely'to indicate that the population 
sampled is subdivided, especially where barriers to gene 
flow or discontinuity of habitat between subpopulations can 
also be demonstrated.
To test the validity of viewing the series of slides 
sampled in Colorado as a single randomly-mating population, 
the observed numbers of each phenotype at the transferrin and 
pre-albumin loci were compared to the expected numbers, 
calculated from the overall allelic frequencies (bottom of 
Tables 10 and 11). It can be seen that the expected number 
of heterozygotes at each locus was somewhat smaller than that
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observed. An estimate of the inbreeding coefficient (F)was 
calculated for each locus according to the formula
p _ H - H
-e -̂ -— 2. (Li anti Horvitz, 1953), where H and H are the H t i t  e oe
expected and observed number of heterozygotes in the group
under study. The standard error of the estimate is given by
the formula s„ = /{I - F) [2pq(l + F) + F (2 - F) (1 - 2p)^]
F V
(Rasmussen, 1964). In both cases F was positive due to the 
deficiency of observed heterozygotes, confirming that the 
series of slides was indeed subdivided and thus could not be 
considered a single randomly-mating population.
It appeared possible that the individual talus slide 
would contain a group of organisms among which random mating 
occurred, in view of the relatively small number of individ­
uals present on a single slide. This was tested by 
calculating an estimate of the inbreeding coefficient (F^) 
for each of the slides in Colorado and Montana using the 
formula given previously. These values are listed in 
Tables 10 and 11. It can be seen that both positive and 
negative estimates of F^ were obtained from these calcula­
tions, the latter indicating cases in which the observed 
numbers of heterozygotes exceeded the expected numbers. The 
majority of the slides sampled in Colorado gave positive 
estimates of F^, but the majority of the estimates for 
slides sampled in Montana were negative.
Weighted averages of the estimates of the inbreeding 
coefficient calculated from the phenotypic frequencies in the
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samples from Colorado were found by weighting each value of
according to the number of animals in the sample from
  v —  2) R F ■ •which it was derived, using the formula F. = Y "i” i . This
1 N
was done on the assumption that the larger samples gave more 
accurate estimates of phenotypic frequencies in the popula­
tions from which they were taken, and thus more accurate 
Estimates of the actual inbreeding coefficients. Thus the 
possibility that smaller pika colonies, which were likely to 
yield smaller samples, might have different inbreeding 
coefficients due to a different population structure was 
ignored in view of the probable sampling error.
The results of these calculations showed that the 
estimates of F^ were 0.061, with 95 percent confidence 
limits of -0.094 and 0.216, for the transferrin locus, and 
0.133, with 95 percent confidence limits of -0.041 and 
0.307, for the pre-albumin locus. Since the mean values 
of these estimates of the inbreeding coefficient were 
positive, it appears that some degree of demic subdivision 
may occur within slides. However, this cannot be estab­
lished with certainty in view of the fact that the 95 
percent confidence intervals both include the value of
fY equal to zero. If such demic subdivision did exist, 
that the weighted averaqes of the estimates of the 
inbreeding coefficient for the individual slides were less 
than the estimates based upon the entire sample from 
Colorado shows that on the average there was a greater
variance in allelic frequency between demes on different 
slides than between demes within an individual slide, as 
might be expected.
Tests for Selection
Electrophoresis revealed that in the populations 
sampled in Colorado, polymorphism at both the transferrin 
locus and the pre-albumin locus was almost universally 
present. Up to five pre-albumin and three transferrin 
alleles were found in samples taken from a single slide, 
while only one sample was monomorphic at the transferrin 
locus and none at the pre-albumin locus. This is somewhat 
surprising in view of the small population size in the pika, 
and indicates that genetic drift was not effective in 
eliminating alleles from the populations. There are two 
explanations, not mutually exclusive, for this finding: 
migration could have countered genetic drift, or selection 
could have acted to maintain the polymorphisms.
The data collected were not adequate to determine 
whether one phenotype left more offspring to the next genera 
tion than did others, and thus to obtain a true measure of 
Darwinian fitness for the various phenotypes. However, all 
animals had been weighed at capture, and it was therefore 
possible to determine whether there was an association 
between weight and phenotype in the relatively large sample 
of pikas taken in Colorado. In addition, pikas collected in
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Colorado in 1969 had been aged by Dr. John S. Millar, 
presently at the University of Western Ontario, and it was 
possible to determine from that data whether different age 
classes contained phenotypes at different frequencies. 
Significant differences between phenotypes in the tests 
involving weight or age might be taken as evidence for the 
operation of natural selection. Overdominance, or selection 
favoring heterozygotes is believed to be the most common 
mechanism for maintaining a polymorphism, and differences 
between the heterozygotes and homozygotes might be taken 
as evidence for the operation of this mechanism.
A Student's t test indicated that the mean weight of 
adult males was significantly greater than that of adult 
females (p<0.01). Therefore, tests involving weight were 
performed separately for each sex.
In the first tests (Table 12, part A), the weights of 
animals with zero, one, and more than one of the four loci 
studied present in the heterozygous condition were compared 
by means of analysis of variance. (Only one individual was 
heterozygous at more than two of the loci.) The results of 
these tests revealed that no significant heterogeneity 
existed among either males or females. However, in examining 
the data it was noticed that for both sexes, the mean weight 
for individuals with none of the four loci heterozygous was 
greater than that for the remainder. For this reason, the 
mean weight of individuals with none of the loci heterozygous
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Table 12. Weight comparisons of male and female adult pikas listed (A) according 
to the number of heterozygous loci (B) as heterozygous or homozygous at the 
transferrin and pre-albumin loci (C) according to transferrin phenotype.
Males Females
(A)
No. of loci weight No. of loci Weight
Heterozygous N Mean x s.id. Heterozygous N Mean x s.d.
3 or 2 20 188.15 ± 22.70 2 12 170.08 ± 16.51
1 38 181.37 ± 22.44 1 23 169.44 ± 20.67
0 14 189.07 ± 21.21
p > 0.2
0 11 186.36 ± 21.94
p < 0 .1
0 14 189.07 ± 21.21 0 11 186.36 ± 21.94
0 58 183.71 t 22.57 
p > 0 . 4
0 35 169.66 ± 19.10
p < 0.02*
Transferrin
Males Females
Weight WeightN Mean x s.d. N Mean x s.d.
He fcerozygotes 31 103.02 ± 25.05 Heterozygotes 21 166.86 ± 13.88
Homozygotes 42 186.43 ± 20.04 
p > 0.5
Pre-
Homozygotes
albumin
27 177.78 ± 23.93 
p> 0.05
Males Females
Weight Weight
N Mean ± s.d. N Mean ± s.d.
Heterozygotes 42 184.86 ± 20.63 Heterozygotes 22 173.73 ± 21.91
Homozygotes 31
*4
185.16 ± 24.52 
p > 0.9
Homozygotes 27 172.30 ± 1 9 . 6 6
p > 0.8
Transferrin
Males Females
Weight Weight
Phenotypes N Mean X s.d. Phenotypes N Mean x s.d.
TfE 19 188.95 ± 14.82 TfE 12 187.58 ± 21.23
TfEl + TfEK + 
TfI + TfIK 54 183.59 ± 24.24 
p > 0.4
TfEl + TfEK + 
TfI + TfIK 36 168.14 ± 18.35
p < 0.01*
♦Denotes significant results at 0.05 level of probability.
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and the mean weight of the remainder were compared in each 
sex by means of a t test (Table 12, part A ) . In the case of 
the males, the difference was insignificant. However, 
females with none of the loci heterozygous proved to be 
significantly heavier (p< 0.02) than the remainder.
In the next tests, the two loci which showed the most 
widespread polymorphisms, the pre-albumin and transferrin 
loci, were examined separately. The mean weights of homozy­
gotes and heterozygotes at each of the loci were compared by 
means of t tests. The results are shown in Table 12, part 
B. None of the tests indicated a significant difference, but 
in the case of females, the greater weight of the homozygotes 
at the transferrin locus was nearly significant.
Further examination of the data revealed that, at the 
transferrin locus, one phenotype, TfE, appeared mainly 
responsible for the fact that, in each sex the mean weight 
of homozygotes was somewhat greater than that of heterozy­
gotes . Thus, the mean weight of this phenotype was compared 
with that of the others at the transferrin locus in both 
males and females by means of t tests. The results, shown 
in Table 12, part C, indicated that males of phenotypes TfE 
were not significantly heavier than the remainder, but that 
the difference was significant (p< 0.01) in the case of 
females. The mean weight of females of phenotype TfE was 
about 12 percent greater than that of the other phenotypes.
Clearly, this difference largely accounted for the finding 
that females heterozygous at none of the four loci studied 
were significantly heavier than the remainder.
As can be seen from Table 12, the standard 
deviation of the weight of females heterozygous at the 
transferrin locus was appreciably smaller than that of 
homozygous females. Comparison of the two variances by 
means of an F test revealed that the difference was signi­
ficant (p<0.01). Thus female heterozygotes at the trans­
ferrin locus showed less variability in weight than did the 
homozygotes. Similarly, an F test revealed that among males 
the variance in the weight of males of phenotype TfE was 
significantly smaller (p< 0.025) than that for the remaining 
phenotypes. In each of these cases, the group containing 
the fewer phenotypes possessed the smaller variance, as might 
be expected. However, in neither case did the other sex 
show a corresponding difference between the variances.
The next series of tests for selection involved 
comparisons of phenotypic and allelic frequencies in animals 
of various ages. Three age categories were designated--first 
year juveniles, yearlings, and animals two years old or more.
The first of these tests was designed to compare the 
numbers of animals in each category having zero, one, and 
more than one of the loci studied present in the heterozygous 
condition. The results of a 3 x 3 heterogeneity chi square 
test (Table 13, part A) showed there was no significant
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Table 13. (A) Frequencies of animals of three age groups having different
degrees of heterozygosity (B) percentages of animals of three age groups 
homozygous or heterozygous at each locus, and percentages of the various 
alleles within the three age groups at each locus.
(A) N
(B)
Age (Animals) 0 1 2 or 3
Juveniles 
Yearlinqs 
Two and older
18
36
48
0.22 0- 
0.19 0. 
0.23 0.
56 0.22 
42 0.39 
58 0.19 P>
N Pre-albumin Locus
(Animals) Homozygotes Heterozygotes
Juveniles 
Yearlings 
Two and older
19
37
48
0.53
0.32
0.54
0.47
0.68
0.46 P>
N
(Alleles) Pa-, Pa- Pa- £2r, Pa-, P #
Juveniles 
Yearlings 
Two and older
38
74
96
0.21 0.26 
0.22 0.34 
0.30 0.25
0 .53 
0.45 
0.45 P>
N Transferrin Locus
(Animals) Homozygotes Heterozygotes
Juveniles 
Yearii ngs 
Two and older
19
37
48
0.63
0.57
0.60
0,37 
0 .43 
0.40 P >
N
(Alleles) Tf- Tf-, Tf-
Juven.i les 
Yearlings 
Two and older
38
74
96
0,47 
0 .51 
0.50
0.53
0.49
0.50 P >
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heterogeneity among the members of the three age categories 
with respect to the number of loci present in the hetero­
zygous condition.
The final tests dealt separately with the transferrin 
and pre-albumin loci. In each age group proportions of 
heterozygotes to homozygotes were compared as well as allelic
frequencies at each locus by means of contingency chi-square
Rtests. In the tests on allelic frequencies, alleles Pa—
and Pa— , alleles Pa— , Pa— and Pa— , and alleles Tf— and Tf— were
Fpooled in order to enable inclusion of the rarer alleles. Tf— 
Tand Pa— were the only separate alleles m  each of these two 
tests. The results of a 3 x 3 and three 3 x 2  heterogeneity 
chi-square tests (Table 13, part B) revealed that at neither 
locus was there significant heterogeneity among age cate­
gories with respect to the proportions of homozygotes to 
heterozygotes, or to allelic frequencies.
Changes in Genetic Composition from 1969 to 1971
In order to assess genetic changes which might have 
occurred in the pika populations in Colorado from 1969 to 
1971, comparisons were made of the allelic frequencies in 
samples taken during both years from the same slides. The 
relative proportions of the transferrin and pre^albumin 
alleles in the samples taken in the two years from the same 
slides were compared by means of contingency chi-square 
tests. Samples from the five slides involved in the tests
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were pooled to obtain a total for each year. The albumin and 
alpha-globulin frequencies could not be tested because of 
the rarity of the less common alleles at each locus. However, 
allele Ag—  was not found in 1971 although it had occurred 
on two of the slides in 1969.
In the test involving the transferrins, alleles Tf_“
and Tf— were again pooled because of the rarity of the
Elatter. These were tested against Tf— . Similarly, in the
R Stest involving the pre-albumins, alleles Pa— and Pa— were
W Xpooled, as were Pa— and Pa— . The other allele involved in
Tthe test was Pa— . No significant differences were found 
between the allelic frequencies in the two years at either 
locus, (Table 14).
Further examination of the frequencies of the pre­
albumin alleles in the two samples did reveal some differences
not amenable to tests of significance. In the sample from
Sslrde 11 in 19 69, for example, allele Pa— had occurred at a
frequency of 0.438, but the allele was not found in the sample
taken from that slide in 1971. Allele Pa— occurred at a low
frequency on seven of the slides in 1969, but was not found
in 1971 on four of the slides upon which it had previously
Xoccurred. Allele Pa—  was found in both years, but on
different slides.
Thus, these comparisons revealed that at the alpha-
globulin and pre-albumin loci, two of the less common alleles 
D - Rin 1969 (Ag— and Pa— ) were not encountered in the sampling
Table 14. Frequencies of pre-albumin and transferrin alleles found at the same 
slides in 1969 and 1971.
Colorado, 
Colorado,
Colorado,
Colorado,
N n R r,S ■ T „ W n XPa— , Pa— Pa— Pa— , Pa—(Alleles)
1969 86 0.36 0.19 0.45
1971 64 0.19 0.25 0.56 P > 0-2
N Tf£ Tfi, Tf*(Alleles)
1969 86 0.47 0.53
1971 64 0.44 0.56 P>0.7
00H
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gperformed in 1971, and that allele Pa— was not found in 1971 
at the site at which it had been the most common allele in 
1969 #
CHAPTER IV
DISCUSSION
No differences could be found in the karyotypes 
of pikas from different locations. However, variation in 
cranial measurements and in a number of serum proteins was 
found throughout the range of the pika. This variation was 
evident between individuals, between populations on adjacent 
slides, between groups of populations on different mountains, 
between the inhabitants of separate mountain ranges, between 
different subspecies, and between groups of adjacent sub­
species. The patterns of variation seen in the cranial 
measurements and serum proteins provided several features 
worthy of further consideration.
The data concerning cranial measurements showed 
that there is significant variation between subspecies, and 
sometimes within a subspecies, on adjacent mountain ranges.
By examining Table 4, certain other characteristics of the 
cranial variation can be seen. Two measurements (condylo- 
basal length and maxillary process width) show a clinal 
tendency to change from north to south. However, the clinal 
changes seen among the subspecies are not reflected by 
similar changes in the populations of a single subspecies in 
the mountain ranges of western Montana, It is possible, of 
course, that the supposed clines are merely a result of 
chance variation among the subspecies.
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Another characteristic of the data from cranial 
measurements is that, aside from the pikas of the Bitterroot 
Range, there was no tendency for all of the measurements of 
one particular mountain range to be larger or smaller than 
all of those of another mountain range. This might in 
itself indicate that pikas from the Bitterroot Range warrant 
a separate subspecific designation. However, the data from 
electrophoresis show that these populations have several 
alleles at the loci investigated in common with pikas from 
other nearby mountain ranges. Thus, further study would 
appear necessary to elucidate the relationships of the pikas 
of the Bitterroot Range to pikas of other mountain ranges in 
Montana and Idaho.
Cranial variation shows a rather heterogeneous pattern 
within the area sampled in this study. This finding is 
consistent with the concept of populations being isolated 
from each other in that cranial evolution appears to have 
occurred at the local level, obscuring relationships between 
populations which might have existed when continuity of 
suitable habitat was greater. Systematic studies of the 
pocket gopher, Thomomys, have demonstrated a tendency for 
great intra-specific variation, due in part to considerable 
geographic subdivision (Hall and Kelson 1959, Patton and 
Dingman 197 0).
Analysis of the differences in the cranial measure­
ments between pikas from different slides located in a
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particular mountain range was not attempted. Individual 
variation between animals from the same slide was often 
great, undoubtedly reflecting the effects of a polygenic 
system of inheritance, and the data from the small samples 
were generally insufficient for such an analysis.
Protein variation, as revealed by starch gel electro­
phoresis is in some respects more useful than cranial 
measurements in that it permits the examination of the 
direct gene products of each individual. In this study, 
patterns in the distribution of the alleles controlling 
serum proteins were sought primarily to help elucidate 
relationships between populations, a  number of interesting 
findings related to this aim.
Several alleles were shared by more than one sub­
species. This included not only those controlling the
Qnonvariable proteins, but also those such as Ag— , which 
occurred in all populations and most individuals, and Al— , 
which was monomorphic in all but two populations— those two
in which it did not occur. Other examples of alleles
S Vtfshared by subspecies include Pa— and Pa— , which occurred
commonly over Montana and Colorado but were not found in
. . I D  IBritish Columbia, Tf— , Ag— , and Pa— , which were common in one
Rsubspecies but less common in others, Pa— , which was rela-
tively uncommon in one subspecies but rare in another, Pa— ,
G Uwhich was rare in two subspecies, and Tf—  and Pa— , which 
appeared only in closely adjacent subspecies.
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Eight alleles at the four loci were each found in
A Conly one subspecies. Four of these alleles (Tf— , Tf— ,
Tf— , and Tf— ) were found on single slides, three (Al— , Tf— , 
and Pa— ) were found on a few slides in part of the sampling
farea m  Colorado, and one (Al— ) was found on only two nearby 
mountain ranges in Montana. It is notable however, that 
none of these eight alleles was found in all samples of the 
same subspecies, even though only two samples were collected 
of each of two subspecies in British Columbia.
In terms of the patterns of variation seen in both 
cranial measurements and serum proteins, the present 
classification of the pika at the level of the subspecies 
is somewhat suspect. Consistent similarities between all 
the populations of a single subspecies were not found, 
probably due to the isolated distribution of the populations 
themselves. More similarities between populations of a 
certain area might have been found had more measurements 
been taken or more loci been studied by means of electro­
phoresis. However, Roper (19 56) found few measurements that 
he could use to show affinities between pikas of different 
mountain ranges, while some showed significant differences 
between relatively nearby populations, Thus, only a few
characteristics may reflect past relationships between pika
%
populations, while many may demonstrate the uniqueness of 
gene pools of isolated populations.
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The patterns of distribution of some of the proteins 
may be of taxonomic value. The most obvious are those 
involving the transferrin and pre-albumin alleles in popula­
tions on either side of the Columbia River. No transferrin 
alleles, and only one pre-albumin allele, appeared common to 
populations on both sides of this river. However, the 
Christina Range west of the Columbia and the Selkirk Range 
east of the Columbia are presently included within the range 
of the same subspecies. In fact, populations to the east 
of the river seem to have more in common with pika populations 
in Montana than with the other populations in British 
Columbia. Another interesting relationship is the general 
similarity of populations in Montana and Colorado with 
respect to many of their alleles. On these bases, it appears 
that there are two major groups of populations, each con­
taining more than one subspecies— the populations of western 
British Columbia, and those of eastern British Columbia, 
western Montana, and Colorado. Likewise, allele Tf—  is 
shared by populations on three separate mountain ranges 
(see areas H, L, and M, Figure 1) near Missoula, Montana, 
even though other populations on the same ranges did not 
possess the allele, giving a scattered appearance to the 
distribution of the allele. Other alleles found in 
populations in Montana also appear to have a scattered 
distribution, and some occur at only a single location.
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Similar patterns in distribution of alleles can be
seen among the populations sampled in Colorado, Three rare
B X Kalleles (Al— , Pa— , and Tf— ) were restricted to a small
portion of the study area: Copper Creek Canyon. The many
E I G D S T Wcommon alleles (Tf— , Tf— , Ag— , Al— , Pa— , Pa— , and Pa— ) were
V Rfound widely distributed, whereas three alleles (Pa— , Pa— ,
and Ag— ) had a relatively scattered distribution.
From these patterns of protein variation, some three
general statements can be made. First, several proteins are
shared by more than one subspecies, and a few proteins occur
in populations on single slides or a group of slides repre- ♦
senting only a small part of an entire subspecies range. 
Thus, the presently recognized ranges of the subspecies seem 
to relate poorly to the patterns of variation seen in the 
serum proteins. This is not to suggest that classical 
taxonomic work on the pika is invalid. The comparison of 
animal populations by means of electrophoresis is only one 
of many methods open to taxonomists. It should be used in 
combination with others (Rasmussen 1969). Second, some 
alleles common in certain geographical areas are not equally 
common in all populations within those areas and often have 
a scattered distribution. This would indicate that there is 
some validity to the concept of an island population struc­
ture. Third, the fact that in the Colorado study area no 
allele was found on only a single slide, but rather alleles 
seemed to be found in groups of slides near one another
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might indicate that isolation between populations on 
adjacent slides is not absolute. Possibly within the
Colorado study area definable groups of slides may exchange
genetic material fa.irly freely but remain somewhat isolated
from other such groups.
The explanation for the differences in the patterns 
of distribution of the various protein alleles may be 
complex. Some of the protein alleles found to be widespread, 
and indeed many of the nonvariable proteins previously 
mentioned, could probably be classed as "conservative 
characters" (Mayr 1963). These are genetic characters 
which may be restricted from change because they fit into a 
stable genetic system of many genes whose epistatic effects 
are highly favored through natural selection. Such conser­
vative characters are known which are common to species, 
genera, and even higher taxa.
On the other hand, there were those alleles which 
had a scattered distribution over a wide area but were not 
found in all populations. Generally, these proteins were 
in low frequency, and therefore might have been found in 
more populations had larger samples been taken. In addition 
to this exists the possibility of accidental loss of the 
allele through genetic drift within each population. Also 
possible is chance establishment of a colony lacking alleles 
present elsewhere due to the founder effect. Since pika 
populations are generally small, the possibility of each of
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these processes occurring is high, however, the data are 
insufficient to explain with certainty the scattered pattern 
of distribution of a protein allele on the basis of one or 
the other of these processes. Natural selection, operating 
on the individual population, is another factor likely to 
lead to such population differentiation.
A few of the rarer alleles were shared by slides 
hundreds of miles apart. It is possible that these alleles 
are presently isolated in widely separated populations but 
that at one time, when populations were less isolated, they 
had a more continuous distribution. Glacial activity of 
the Pleistocene has created many of the major barriers to 
gene flow, such as valleys and river systems. This and the 
warming trend of the last few thousand years have combined 
to further isolate talus areas, leading, no doubt, to the 
present disjunct distribution of some alleles. Other 
reasons for this distribution 'pattern are possible, however. 
One is that these proteins are the result of mutations which 
have coincidentally given rise to electrophoretically iden­
tical proteins, not necessarily possessing the same amino 
acid sequence, in separate populations. Natural selection 
could also be the cause if some environmental factor favored 
the same allele at different locations.
The results of the analyses involving phenotypic 
frequencies in populations of pikas on the slides sampled 
in Colorado have shown that there is no reason to believe
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that the inhabitants of that series of slides form a single 
breeding unit. Whether or not individual slides are sub­
divided into two or more demes is open to question. The 
confidence intervals of the mean inbreeding coefficient for 
the transferrin and pre-albumin loci included the value of 
zero in both cases.
The method of sampling may have influenced the 
estimated values of F^, increasing their tendency to be 
positive. Some of the samples actually included animals 
taken from noncontiguous areas of talus although they were 
considered for analysis as being from the same slide. Some 
of the larger slides included talus interlaced with vegeta­
tion or uninhabited scree. The sampling was performed on 
these areas wherever pikas appeared and often animals were 
taken relatively far away from each other. Thus, it is 
possible that the heterozygote deficiency noted on some 
slides could be due in part to the inclusion of pikas from 
more than one area of talus in a single sample.
Differences between the calculated inbreeding 
coefficients for populations on the slides sampled in 
Montana and in Colorado are evident Isee Tables 10 and U) . In 
Montana, seven of nine inbreeding coefficients were negative 
due to heterozygote excesses, while the majority of coeffi­
cients from Colorado were positive. Possibly the 
slides sampled in Montana tended to have smaller, or at 
least more isolated, populations than those sampled in
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Colorado, and thus the opposite result might have been 
expected. No simple explanation appears likely to explain 
this anomaly, but perhaps heterozygote advantage, acting to 
maintain the polymorphisms, is greater in the populations of 
Montana. The largest positive inbreeding coefficient 
encountered in Montana was found at the pre-albumin locus in 
the population at Point Six Mountain. A large area was 
sampled on that mountain, and a large sample was obtained, 
and thus it is quite likely that more than one deme was 
sampled there.
The possibility that natural selectionis operating 
to maintain the polymorphisms is difficult to prove given 
the nature of the data obtained. Still, differences in the 
mean weight of various phenotypes were found in the popula­
tions sampled in Colorado, and this may be indicative of 
the operation of natural selection. The mean weight of 
female pikas with the TfE phenotype was significantly 
greater than that of other females. Males of this phenotype 
were also larger, but not significantly so. It is possible 
that heavier or larger pikas would be dominant to smaller 
ones, which in males could mean a larger territory and a 
greater chance of mating with more than one female. Larger 
females might produce more offspring in addition to being 
better able to defend territories. Still, disadvantages of 
largeness might also exist such as reduced speed in eluding
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predators, and difficulty in negotiating narrower passages 
in the talus.
In voles, differences in size are relaLed Lo pheno­
type at the transferrin locus. Tamarin and Krebs (1969) 
found that in Microtus ochrogaster and M. pennsylvanicus, 
males of a particular phenotype were generally heavier 
than those of other phenotypes. Also, in M. ochrogaster, 
males of this same phenotype were in reproductive condition 
longer than the others.
Another indication of selection at the transferrin 
locus was the significantly lower variability in the weight 
of TfE males and heterozygous TfEI females. This may indi­
cate that the expression of these phenotypes is better 
controlled through developmental homeostasis. It is 
interesting that the TfEI females are smaller than the 
females of the other phenotypes while the TfE males are 
larger than the other males. If this is evidence of selec­
tion, it would seem that large size in males and small size 
in females is favored in the Colorado populations. If the 
TfEI phenotype is favored in females, this would contribute 
to the maintenance of the transferrin polymorphism.
A number of researchers have demonstrated selective 
differences between transferrin phenotypes in various 
species. Ashton (1965) showed the existence of a differ­
ential fertility between transferrin phenotypes in cattle. 
Fujino and Kang (1968) found differences in fertility and
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viability in skipjack tuna, Katsuwonus pelamis, associated 
with transferrin phenotype, Taraarin and Krebs (19691 
found fluctuating differences in survivability of certain 
transferrin phenotypes in Microtus spp. at different 
population densities. Canham, Birdsall and Cameron (1970) 
found a disturbed ratio of certain transferrin phenotypes in 
offspring of deer mice, indicating the operation of 
selection at the locus during fertilization. Nevertheless, 
there is little direct evidence of selection causing the 
maintenance of a polymorphism at the transferrin locus. 
However, in one case, Ashton (1965) concluded that a 
seemingly stable polymorphism at the transferrin locus in 
cattle was due to a heterozygous advantage in utero, even 
though heterozygous animals produced fewer offspring. In 
this study, no changes were apparent in the proportions 
of heterozygotes and homozygotes at the different ages in 
the populations sampled in Colorado, and thus there is no 
evidence of a difference in survivability after weaning. 
However, selection could occur at any stage between gamete 
formation and weaning.
The measurement of selection in terms of Darwinian 
fitness must involve the examination of a population on more 
than one occasion in order to determine whether changes in 
allelic or phenotypic frequencies have occurred. Since this 
was not done, no direct evidence for selection in the pika 
populations could be obtained. No significant differences in
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members of animals of a particular phenotype or numbers of 
alleles at any of the age groups could be demonstrated. No 
conclusive evidence for the superiority of heterozygotes 
over homozygotes was found. Thus it appears that factors 
other than selection might be responsible for the widespread 
existence of polymorphism at the loci studied.
It is possible that migration plays a role in main­
taining polymorphism in the pika. The fact that alleles in 
the Colorado animals were not found on single slides but on 
slides adjacent to’ or a short distance away from one another 
(e.g., the slides surrounding Copper Creek) indicates that 
migration between slides has probably occurred. In view of 
small population sizes, the many alleles present on some 
slides might also indicate that unrelated animals from other 
populations are present. In the absence of selection of a 
type able to maintain polymorphism, the continued existence 
of four and five alleles, seems hardly possible in such small 
populations without some replenishment from other slides.
Tapper (197 3) recorded migratory movements of pikas 
onto slides from which pikas had been removed. Generally 
such movements were by younger animals during late summer or 
spring, when aggression by older, more dominant animals on 
populated slides reached peak levels. He also observed that 
on populated slides when residents disappeared each vacant 
territory was filled by another pika usually of the same sex 
as the original resident. Sixteen immigrant pikas were
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discovered over a period of two to three years on a slide 
with a population size of 20 to 30, Thus, any vacated 
territory might be filled by an immigrant, and if extinction 
of a pika population on a single slide occurs, the chances 
of recolonization by immigrants may be high.
Smith (personal communication) stated that the popu­
lations of pika he studied in California represented an 
equilibrium between extinction and recolonization. Others, 
(Moore 1930, Svihla 1931) recorded what appeared to be 
fluctuations in pika populations. Therefore, it seems 
possible that some degree of migration within groups of 
slides may take place, when territories become available.
The effect of such migration would be to disperse 
alleles throughout a group of slides. This would reduce 
the effect of genetic drift on each slide and lead to 
similar allelic frequencies on the slides involved (Li 
1955). The greater the rates of migration between slides 
the more the slides would appear as a single population. 
Although it has been shown that the Colorado slides cannot 
be considered a single population, any migration would 
increase the effective population size. The more slides 
involved in the pattern of gene flow, and the greater the 
effective population sizes, the less the effect that genetic 
drift would have and the greater the number of alleles that 
could be maintained at a given locus.
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Migration and selection are not incompatible 
processes. Overdominant selection would not have to be as 
great in order to maintain a polymorphism with some degree 
of gene flow, and conversely migration rates could be low 
and a polymorphism would still be maintained if overdominant 
selection helped prevent loss of alleles from the slides. 
Thus both processes could interact to explain the mainten­
ance of transferrin and pre-albumin polymorphisms.
The comparison of allelic frequencies on four slides 
in 1969 and 1971 had interesting results. Although no 
statistically significant differences could be demonstrated, 
a few changes in particular alleles were noted. Three 
rarer alleles and one common allele were not found in 1971 
on slides where they had previously occurred in the 1969
Ssampling. The apparent loss of allele Pa— from site number 
11 in Colorado showed that even common alleles can be lost 
from small populations in certain circumstances. It is 
believed that the reason for the loss of this and three 
other alleles could have been due to the heavy sampling at 
this site in 1969. Sixteen animals were taken there that 
year. This could thus be cited as an example of a genetic 
bottleneck effect (a marked decrease in population size and 
the corresponding decrease in genetic diversity) followed 
by the founder effect during recolonization.
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In conclusion, the results obtained in this study 
suggest that, with respect to cranial measurements and 
biochemical variation, evolutionary divergence has occurred 
in pika populations. Patterns of variation seen in cranial 
measurements and serum protein show that divergence has 
occurred at relatively localized levels but that biochemi­
cally many alleles are indicative of old relationships that 
are higher than the subspecies level. Thus it would appear 
that future work on the systematics of the pika could use 
starch gel electrophoresis advantageously along with other 
criteria.
Data from electrophoresis showed that polymorphism 
at several serum protein loci occurred within most pika 
populations. This was surprising in view of the small size 
of pika populations and presumed tendency for genetic drift 
to reduce intra-population variation. It suggested that 
mechanisms for the maintenance of the polymorphisms must 
exist. Data gathered from a series of talus slides in 
Colorado suggest that selection and interdemic gene flow 
may both account for the maintenance of transferrin and 
pre-albumin polymorphisms.
CHAPTER 5
SUMMARY
The purposes of this study were to examine from a 
taxonomic viewpoint the variation found in populations of 
pikas and to judge, using suitahle criteria, the role of 
isolation in explaining genetic variation in pika populations. 
Information from karyotypic analysis, cranial measurement, 
and starch gel electrophoresis revealed the following:
1. A comparison of the small number of karyotypes 
obtained failed to show any variation in chromosome number 
or form. The karyotypes obtained gave the same numbers of 
chromosomes as the published totals for the species.
2. Cranial measurements showed that significant 
differences existed between each recognized subspecies 
sampled with respect to condylobasal length, nasal length, 
or parietal width. Within the subspecies Ochotona princeps 
princeps, significant variation in parietal width between 
pikas of various mountain ranges was demonstrated, but was 
due primarily to pikas with particularly large skulls taken 
from the Bitterroot Range.
3. Electrophoresis revealed eight different trans­
ferrins and seven pre-albumins. Many populations were 
polymorphic at these loci. Less variation occurred in the 
albumins, where three forms were revealed, and in the alpha- 
globulins, where two forms were seen. Each polymorphism was
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apparently controlled by codominant alleles at a single 
locus.
4. Many different patterns of distribution were 
found among the serum proteins. Some were present in almost 
all animals taken, whereas others were found in single 
animals. Polymorphism was quite common at the four loci. In 
several cases, the allelic distribution patterns attested to 
the isolated nature of gene pools in the pika.
5. . A marked discontinuity in the pattern of allelic
distribution occurred between the subspecies of western 
British Columbia and the rest of the subspecies sampled. In
addition, many genetic differences were demonstrated between 
the various populations of single subspecies.
6. An analysis involving phenotypic frequencies 
indicated that the pikas on the series of slides sampled in 
Colorado could not be considered a single breeding unit. A 
demic population structure with each deme composed of indi­
viduals on a single slide was suggested but the possibility 
of finer subdivision could not be ruled out.
7. Age and weight data were examined for possible 
evidence of selective forces acting to maintain the polymor­
phisms in the Colorado populations. Significantly greater 
weights were recorded for females with TfE phenotypes and 
significantly less variability was noted in males with TfE 
phenotypes and females with TfEI phenotypes. No significant 
differences in the frequencies of phenotypes or in the degree
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of heterozygosity were found between different age classes.
An excess of heterozygotes in inost samples from Montana 
suggested that overdominant selection may be responsible for 
the maintenance of polymorphism there.
8. Migration between demes on different slides in 
certain areas was suggested as an alternative (although not 
mutually exclusive) possibility in explaining the maintenance 
of polymorphism. Evidence for such gene flow included the 
fact that rarer alleles were often found in groups of 
neighboring slides rather than being restricted to a single 
slide.
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